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Have siday confidered the De. 
@ {cription of Sun-Dials as one of 
= the moft ingenious and ufeful In. 
ventions derived from the Study of the 
Mathematicks. Alfo there is nothing 
that draws more Admiration from all 
Men, than to fee Strait-lines drawn on 
à Plane at Unequal Diftances » to 
Dre exactly the equal Divifions of 
fhe time of the Continuance of a Day: 
and altho the Su# appears in different _ 
“ed of Heaven according to the diffe- 
tSeafons ofthe Year, yetthe fame 
Strait-lines do ftill detetmine the fame 
hour at all thefe different Seafons. 

. But thefe Hour-lines have nothing in. 
Han that deferves to be confidered, if 
We compare them to thofe which trace 
forth the way which the Sux makes in 
his Diftances from the Equinoctial 
Line, which queftionlefs have given 
place: to the more profound Meditati- 
Ae tations’ 
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tions of the Sections of a Cone ; which 
_ atthis day is the moft confiderable part 
of ourSpeculative Geometry. 
I might eafily demonftrate that we 
are beholding to Sux-Dials for the dif- 
covery of thofe admirable Curve Lines 
‘whereof we find very great ufe in all 
parts of the Mathematicks ; tor we 
cannot confider the Shadow of the end 
of any body pointed on a Plane, with- 
out perceiving at the fame time the 
Curvature which the way of the Suz 
traces forth ; which ts moft like to that 
of the Sec#ion of an upright Cove which 
hath a Circle parallel to the Equinocti- 
_ alfor itsBafe , on which we may fup- 
pofe the sur moves then when he 
makes that Shadow. . eo 
But altho the Properties of thefe 
| Curve Lines ferves as a Foundation for 
. the moft part of the Defcriptions of Dz- 
als, yet in this Work l'do not intend 
co explain any thing thereof in particu- 
Jar, for that would be to depart too 
much from my Subject. Jos ee 
-. Seeing alfothat divers other know- 


ing Geometers have largely treated 
BD ae -. there- 


| 


\ 


| 
| 
| . x | 


RUN Phe Prefacex. oe 
thereof, it feems to methatit will be 
very ufelefs to re-fearch into the time of. 
the moft ancient Antiquity, and whe 
was the Inventer of this Art : We may 
only believe, very likely that it was per- 
fected by little andlittle, andthat the 
firft Men feeing the neceflity which 
they had to divide the continuance of a 
day into divers parts, judged that it 
could not be better done than by the 
fame Suz which limits the continuance 
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thereof. : 

. We may alfo be very eafily perfwad- 
ed that the Meridian Line hath been 
the firft which they have drawn, as 
well becaufe that it divides the apparent 
day , which is the time during which _ 
we may fee the Suv, into two equal parts, 
and that the Shadow of a. Strait-line 
raifed perpendicularly upon an Hori- 
zontal Plane, was always extended a- 
long this Meridian Line when the top of 
it mects withit, although it bein dif: 
ferent places ; fo that it ferves us to 
know the greateft height of the Suz ac 
bove the Horizon every day, the which 
changes during the time of half a Year, _ 
Ca peter: 


ga TZ be . Preface. | 
: it muses to them one of the moft con- 
fiderable Phenomena’s of the Sur. — 

The moft part of theAncients divided 
the fpace of time (which is from the 
_ rifing to the going down of the Sun) 
into twelve equal parts , which they 
called Hours, and they began their Ac- 
count from Sun rifing 5 and although 
the Hours changedtheir length during 
the half year to thofe which did not 
Inhabit under the Eqninoétial Line, 
where the apparent days are always e- 
qual to one another, therefore they 
have always Mid-day at the Sixth Hour: 
but thefe forts of Hours have no Cir- 
cles ofthe Sphere that reprefent them. 
: The Babylonians began the day at 
the Sun Rifing , anddivided the Dura- 
tion into 24 equal Hours: The Jta/ians. 
began it at Sun Setting , and madeal- 
fo their Hours equal: Thefe two man- 
ners of beginning the day have the 
Horizon for their term ; the firft did al- 
ways know how long time they had 
_ fromthe Sun Rifing above the Horizon, 
_ andthe others did always know that 
prince remains to the Sun Setting. 
| he 

: 
| 
| 


| té The reface. A Ce 
| The Aftronomers and the greateft : 
part of the Nations of Europe begin 
their Day when the Sun comes to the 
Meridian, thefe laft when the Sun comes 
to the Meridian under the Horizon ; 
and the firft when the Sun comes to 
the Meridian above the. Horizon ; 
this manner of beginning the day has 
great advantages beyond other. 
~ JT undertake in this Work ‘only 
the Defcription of the Aftronomick 
Hours, : which have for their Term 
the Meridian, and of the Irak- 
ans and Babylonians that begin from 
the Horizon. In the Conftruétion of 
thefe forts of Dials there are two 
principal Operations which we may 
confider each in particular, which has — 
obliged me to divide this Treatife in~ — 
to Two Parts. — ra Beate 
In the Firft Part, after Ihave ex. 
plained as brief as I can, that which 
is neceflary to be known for ‘the 
right underftanding of the Conftru- 
Con of Sux Dials , in which I give 
the definition with that of all its 
parts : | propofe following divers 
: A 4 _ Mannegs 


Manners. and Pkachices,: to “deat aw these 
| ges Line, with the Points which — 


are neceflary for the. defcription: of 


the Hour Lines, to the. intent that 
we may ferve our felves with thofe — 


which are moft fit in. the different 
Rencontres of the Péanes propofed. 


Each of thefe Prad@ices have ad- 
vantages ‘in particular Cafes; I ob: 
ferve by which we may. ferve our 


{elves very néar. following the Expofi- 


tion of the Plane propofed, to the | 
‘intent that thofe that have not fuffi. 


cient knowledge of the different Ren- 


contres of Planes with the Circles 
of the Sphere, may not give them- 


_ felves the trouble to followa: Method 


from which they cannot draw a great . 


advantage. 
In all thefe Practices which I pro- 


Ng pofe, I make noufe of the Magneti- 
cal Needle, for there happens great 
change to the Variation of the Magne- 


tical Needle; befides we are not aflured 


that there is no Iron hid, or fome 


: Stone or Brick which is of a Nature 


oof Hs whith may turn; afide the 
La: Ae roth pe i Needle 


re pue erejace. | 4 
~ Needle from its true Direction towards 
the place whither it would go if it. 
were free. =, >’ A ACTE 
+ Alfo I approve not that Method 
. which many do pradice to find the 
. Declination ofa Plane, thatis to fay, 
the Angle which the Meridian Line 
makes on a Horizontal Plane with the 
. Horizontal Line, which is the meeting 
of the Piane ofthe / with that Plane: — 
they draw on a Plane fet Parallel to. 
the Horizon ( the which we call a Le- 
vel Plane) a Meridian Line following 
‘one of the Practices, which may be ~ 
feen hereafter; and when the San 
marks Mid-day on that Horizontal 
Plane, they mark a Point of Shadow 
_ on the propofed Plane ; but you muft 
_obferve thatthe Errors that one com- 
mits in allthe Operations , as well in 
the placing of the Plane level , ds in 
the determination of the Meridian, are 
multiplied and increafed in tranfport- — 
ing them to another Plane, =. 8 
* Forthe fame Reafons we ought al. 
foto reject all forts of Inftruments, un- | 
lefs they be very plain and very large: 
Mex ! | Theres 


y 
5, 


de Thé Preface.” 5 
© Thereforel have thought good to ufe 
only the Ruler. and Compafs, the . 
Plomb Line and the Level, and to 
draw the Lines and Circlesonly upon 
the given Plane. | 

‘Aitho we may determine the length | 
of the Lines, and alfo the moft part 
of the Angles by Calculation of Sphe- 
rical and Strait-lin’d Triangles , WI ich 
ferves for the drawing © tals | 
Yet I have thought good that I 
_ ought not to propofe any ( of thofe 

ways ) in this {mall Treatife , be- 
_caufe that the moft part of thofe 
Calculatiens are much longer than 
the Practice, and they are founded but ~ 
upon the fame Angles, andthe fame 
Lines which I have ufed in the Pra- 
ice ; fo that thofe that can ufe Cal- 
culation , fhall find no great difi- 
culty to apply them to Numbers and 
Sines, where I only propofe Lines 
and Angles. a: 
_ After i have taught to Draw the 
Principal Line of Dials , 1 proceedto 
the Second Part , wherein I fhew to 
in né i Ses draw 


Preface. a 
draw the Aftronomical Hour Lines, 
and then to defcribe the Parallels of 
theSigns. = i 

| 1 propound no particular Conftry- 
| Mes on the Her and Vertical 
Planes, which only gives particular 
Rules for each Cafe, the which in 
the ordinary way happens very fel- 
dom: Therefore the Methods that I 
teach are for all forts of Planes indiffe- 
rently confidered. I know well that 
there are divers Cafes where we 
might find Abridgments, but thefe 
Abridgments confifts only in certain. 
Lines and Points which come to be 
united in the general Pra@tices which 
1 give: Alfo it is tobe obferved that 
thé Portions of Curve Lines that I 
 defcribe, are always Conick Sections, 
_ that is to fay, either Ellipfes, Hyper- 

boles , or Paraboles , and fometimes 
Circles, when the Plane is perpendicu- 
lar to the Axis of the Cone, the which 
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_ is always an upright Cone. 

_ The moft part of the Practice that _ 

1 teach being founded on’ the Declina- : 

tion of the Sun, I give youa Ta: 
| _ ble 


“ble Ahctese, Calcntared oe the days 
‘of Four Years following one ano- 
ther , to the end to comprehend the 
Biffextile or Leap Year ; I there al- "à 


fo add the Diterenees of the | 

.clinations for every day, with a Table 
of Latitudes es che Principal Cities 
of the World, | 
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Pa. Lh be, Preface ae 
Ds I. Fig. 1. Of the Circles of the Sphere 
NA neeceffary to be known for: the drawing of 

~~ Sun Dials. He 3 ie 
Chap. IL. Of the definition of Sun Dials, andthe | 
3 peri parts which ferves for their Conftru- 
ion. | dr 
Chap. IIL. Fig. 2, To mark the Points of Shae 
dow. basher | 

. Chap. IV. Todraw the Horizontal Line. 

Chap. V. Fig. 4. To Drawthe Subffylar Line, 

Two Points of Shadow being given in à cer- 
tain Condition. x) RAS 
To place the Center and draw the Equinoétial — 

Line, the Declination of the Sun and one Tract 

of the Shadew being given. | LA 
Chap. VI. Fig. 5. To place the Subjtylar Line, 

the Equinectial Line , and the Center of the 

Dial, aud to determine the Pofition of the — 

Axis. th FE DE 
Topo Points of Shadow, what you will being given, — 

with th: Declination of the Sun st the time of — 

— Obfervation of the Points of Shadow. Re 
Chap. VIL Fig. 6. Zo place the Subffylar Line 
- the Center of the Dial and Equinoctial Line, | 
one only Point of Shadow being given, with — 

| the. Declination of the Sum and the Altitude of eh 
the Pole above the Horizon. | | ri 
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bféyler Line andthe Equino à 
Line, one only es of Shadow hu. given ÿ | 
and ibe fhortefl Shadows Ste 
Chap. IX. Fig. 9. To find the Center of the Dial, 
_ and to draw the Subftyle and Equinottial. 


Tivo Points of Shadow being given , withthe De- 


+ Dial, theSu 


clisation of the Sun at the time when you 


marked thee Points of Shadow. eae 
_ ChapX. Fig. 10,114.70 find the Center of theDial, 
and to draw the Subftylar and Equinottial + 
~ Lines. Tovo Points of Shadow, what you 
pleafe being given, with the Declination à the 
Sun at the time of taking the Points of Sha- — 
dow. , ae 
Chap. XL Fig.12, To find the Center of the 
. Dial, and draw the Equinsttial Line, the 
© Subftylar being drawn , and one Point of Sha-_ 
. dow being given, with the Declination of 
the Sum: Py nae ‘ 
And to draw the Equinottial Line, the Center of 
the Dial being placed. Ra ac? 
And to find the Center of the Dial, the Equino- 
Glial being drawn. | ke ET 
Chap. XII. Fig. 13. To draw the Equinoëfial 
and Subftylar Lines, and tofind the Center of 
_ the Dial. eee . " | 
* Two Points of Shadow ; what you pleafe being 
gives, with the Declination of the Suz. 


Chap 


ap. XIII. Fig.14. To find the Points of the 
4 vt ofSix bod of Mid-day upon the Equino> 
Gal, and to draw the Meridian Line. ~ ie 
ay Equinottial and Horizontal Lines being 
plac'd, vu at 
Chap. XIV. Fig. 15. Zo draw the Meridian, 
_ and to find the Point of the Line of Six Hours on 
the Horizontal Line. | AN 
One only Point of Shadow being given , the height 
of the Pole andthe Declination of the Sun. 
Chap. XV. Fig. 16. To draw the Meridian Line, 


Tayo Points of Shadow being given, in a certain 


condition. | | 
Chap. XVI. Fig. 17. To place the Center of the 
Dial, or to determime the Inclination of the Axis 
with the Meridian, to draw the Subftyler and 
_ Equinottial , the Meridian being pofited, and the 
_. Altitude of the Pole being given, — 
Chap. XVIL Fig. 18. Remarks and Pratticesfor 
many Abridgements in the Operations of the 
_fore-going Chapters. | 


The Second Part. 
. The Preface. 


Of the choice we ought to make of the Operations 
to draw the Subftylar, Equinottial and Meridi- 


an Lines; and to place the Cezter of the. Diaby 


follosving the Expofitions of the propofed Super- 
ficies. | 

Chap. L Fig. 21. Zo Mark the Points of the Affro- 

#omick or French Hours on the Equinotial 

: Line, 


Line and by thofe Points to draw the Hour Lines: 
Chap. IL. Fig. 22. To Mark upon the Horizontal — 
Line thePoints of the Aftronomick and French 
Dé Hours. à on Mn TRS 
‘And to draw the Hour Lines bythofe Points. * 
Chap. Ill. Fig. 23. Six Intervals of Hours follow- 
ing ene another being given , to draw all the 
other, Hours. à Fr Wa 
Chap IV. Fig 24. To draw the Arches of the Signs: 
Chap. V. Fig. 25. The Equinottial being givenste 
draw a Parallelto it by @ Point given upon aa. 
Hour Ling. Ni UT LR EEE 
Chap. VI. Fig. 26. To draw the Italian and Babi- 
lonian Hours upon an Horizontal Suijace.  : 
Chap. VIL. Fig. 28, 29. To draw the lielian and 
 Babilonian Hours on a Surface, which i mot * 
Pie devizogial. 3 2 
, Chap. VIIL Fig. 28. Te continue the Defcription of. 
the Italianand Babilénian Hours, when the Pax 
allel or Equinoétial 5 not on the Surface. 
- Chap. EX. Fig. 30, 31. Four Aftropomick Hour- 
Lines following one another being given, with — 
the Equinoéciial Line. as 
To find the other Hours. D. 
_  Chap.X Fig. 32. À Drawn Dial being given, to 
find the foot of the Style which aid ferve to draw — 
© the Dial, and to determine the length thereof. 
~ ‘Chap. XI. Fig. 33, 34. To place the Axis. 
Chap. XI. Zo Draw Reflect ing Dials: gic 
- Chap. XIII. Of the Ufe of the Table of the Suns 
Declination , and'of the Difference of Meridi- w 
ans of divers confiderable Towns in relpe of 
gears. F5 TONI ADS 
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| On all Sorts of 


“THE FIRST PART 0 1 


QU Po r bo, i a 


Of: tbe Circles of the Sphere #ecef. cy ‘ 
to be known for the Pra ae of 0 
SUN- DIALS. hae | = 


THE Sphere is an Inftrüment whereby v we. 
explain the Daily Motion of the Celefi- 
al Bodies , according as they appear te us 
to move “always from-Eaf to Wet, and 
Ife the proper Motion of the Sw, which moves - 
uO ABE from. 
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from Weft toward the Eaf, and makes his Reuolre 


tion thro the Tovelve Caeleftial Signs in the {pace of 
one year. ; LU 


This Infframent is compofed of divers Circles, | 
ofwhich we only defcribe thofe that belong to our 
prefent Subje# : T'hofe Circles whofe Planes pafs 


‘thro the Center of the Earth, are called Great Cir- 


4 y 


cles of the Sphere, and all the other are Lefs. 
- But before we fpeak of thefe Circles, we ought 


to confider the Ax# of the Spbere, which we Con 


ceive to be as aftrait line abeut which the Infru- 
ment is turned. The two Ends of the Ax are 
called Poles , the one North and the other 
outh. | : wee 
The Earth is placed in the middle of this In- 
firument , and confequently the Ax pafles thro 


‘the Center thereof. We may underftand from 


Affronomical Obfervations that the Globe of the 
Earth is fo little , in refpect to its diftance from 
‘the Sur , fothat we may confider itas a Point , if 
we compare it to that diftance. : 
“The Equinoétial or Equator is a Great Circle, 


Sand ane of the chiefelt of the Sphere , the Plane 


“whereof is at Right-anglesto the 4x5, it divides 
the Sphere into two equal parts , whereof one 1s 
called Septentrional, andthe other Meridional. — 

Fig. 1. The Ecliptick is another Great Circle 
whofe Plane makes an angle with the Plane of the 
Equinettial of 23 degrees 30 minutes ; the Su 
moves under this Circle , going from the Weft to 
ward the Eaff, and makes one intire Revolutio: 

u 
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or . | sili das dt ii hs i ic aa el 
in 36-days and near 6hours. ‘The Inclinatio 
of this Circle to the Equinotlial , caufes the diffe- 
rent Declinations of the Sun in regard tothe Equi- 


notial ; it is divided into "Twelve equal parts, 


which are called Signs: And we begin from the … 
Tnterfection thereof with the Equinudizal, proceed- 
mo towards the North, The Names of the | 
"Twelve Sigus are Aries, Taurus, Gemiui, Can- 
cer , Leo, Virgo, Libra, Scorpw . Sagittarins , 
Capricornus, Aguarias, Pifces. Their Chayaters 
are V, Ds Ho Do AN, % Mm, T, WV, 
ee, x. | 

The Tropicks are two Circles parallel to the 
Equinoétiel, which touches the Ecliptich in the 
point of its greatell diftance trom the Egwmoëfial ; 
therefore thefe Circles are diftant from the Equi- 
moitial 23 deg. 30 min. on one fide toward the 
North , and on the other fide toward the South. 

So that itis manifeft , Thar when the Suz isin 
the common Interfection of the Ecliptick and E- 
quator , the Motion of the Sphere about its Axzs, 
which goes from Eaf? to Weff, and is called the 
Motion of the Primum Mobile, makes him ap- _ 
pear to us in the Equimoétial ; and alfo when he is ~ 
inhis greateft diftance from the Equinoéfial , the 
fame Motion of the Primum Mobile makes him to 
appear to us to move in the Propicks. 

- The Zenithis an imaginary Point in the Sphere, 
marked by a ftrait Line coming from the Center 
of the Earth, and pafling by fome place of the 
Superficies thereof. This Lineis called the Vers:- 
tal Line of that place. 1 Bg The 


; 
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The Horizon is a Great Circle, whofe Plane 
cuts the Vertical Line at Right-angles. — The | 
| Horizon of a Place diflinguifhes the vifible part of | 
Heaven of that Place, from that part of Heaven 
which isnot there feen. oe a 

The Meridian is a Great Circle which pañegs 

thro the Poles and Zenith , the Plane whereot 15. 
atRight-angles with the Planes of the Equinodtial 

and Horizon, When the Sus comes to this Cire 
cle, heis in the middle of his apparent Courie du: 

ring a day, and is at his greateft height above the, 

“Horizon, becaufe this Cucle pafles thro the Ze=, 

with and Poles. Lun, ao) TR 

If we fuppofe the Egwiroëlial to be divided in 

to 24equal parts, beginning from the Meridian, 
the 6th.and 1 Sth part fhall fall on the Interfecti- 
ons of the Horizon and Equinoctial , becaufe the 
Meridian and Horizon are at Right-angles to one 
another; andif we imagine other Circles like the 
Meridian, that isto fay, that pafs thro the Poles 
of the World and Point of Divi ion of the Equt- 
nottial, thofe Circles which we call AMeridians, 
thall be the Hour Circles, among which isthe 44e: 
ridian of the Place, whereof all the Planes inter: 
fe one another inthe Axa. We may alfo con! 
ceive others, which divide each part into two 0 
four, to mark the half-hours and quarter- hours 
for it we fuppofe chefe Circles to be fix’d , the 
when the Primum Mabile turns the San with hy 
: Edliptick about the Axe, the ume of his apparèr 
Courfe fhail be divided into hours, halves, an 
| quarters, by thefe Miridians. ee fale 
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lon the like Aderidians , which do all interfect the 
Equinatial at Right Angles » which we make to 

(§ thro the Center of the Sux inthe Ecliptick : 
number this Declination from the Equinectial 
towards the Poles: Therefore it is either South or 
(North. TheAngles of Declination are meafured by 
robes ofCircles, 
 Thofe Circles that pafs by the Vertical Line 
are called Vertical Circles (or Azimuth) and their 
Planes are perpendicular tothe Plane of the Ho- 
Nixon; they {erve to meafüre the height of the 
Sun abovethe Horizon, which is numbred from 
the Horizon towardthe Zenith. 

Tt is manifeft from that which has been {aid bee 
ee that there areinfinite Horizons and Meridians, 


land that there are only thefe two great Circles, . 


which may change according to the different 
places on the Earth, for they are eftablifhed by 
“à Vertical Line. 

The Amplitude of Rifing or Setting is counted 
lon the Horizon, beginning from the Points where 
the Equinottal cuts the Horizon, and is numbred 
toward the South or North. 


hy If we conceive that in the Revolution of one 


day the Horixon moves, as being faftened to the 
| Axis , fo asit Cannot changeits Inclination, then 


MR: it fhall pas by the 24 equal Divifions of the. 


Equinottial, it (hall reprefent the 24, Circles of the 
| Li or Babylonian Ass S. 
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CHAP. Lo 


Of the Definition of Sun-Dials , and 
of the principal parts which ferves 
for their Conftruttion, - | 


He Diftance ftom the Center of the Earth to, 

_ À che Superficies thereof not being confidera- 
bie, in refpe@ of the Diftance of the Earth from, 
the Sw, we may take any Point on the Superficies. 
and confider it as its Cenfer in relation to the Mo- 
tion of the Sux. | 4 

Therefore if we place a Style which isa Pointed 
Rod upon any Plain Surface , and then confider 
the Point of that Style as the Center of the Earth, 
the Interfe@ions of that Surface with the Planes of : 
the Hour Circles, of the Eguinoctial or Equator , 
of the Horizon and ofthe other great Circles, fhalt 
be ftrait Lines, which retain the Names of the 
Planes of the Circles from whence they were pro- 
duced : Allthefe Lines on that Plane Surface with 
the Style makesa Sun-Dial. ers ae | 
The Shadow of the Point of the Style, which | 
is one of the Points of the Axa fhewsthe Hours, | 
_ Andif the Ax& which pafles by the Point of 
that Style meets with the Plane of the Dial in 
any Point, that Pont is called the Center of the 

| Dial 5 


A LE M à die 
Dial; for it is evident that all the Hour Lines 
hall meetin that PUB ee 
~ Iris alfo evident that the Shadow of the top of 
the Sryle gives the Hours , and fhews when the 
Sun meets with any one of the Circles of the 
Sphere; for when the Sam comesto a great Cir 
cle , the Shadow of the Axis extended in the 
Plane of that Circle, if that Circle pafles by the 
Axis; and if it paflés not by the daz, thefha- 
dow of the Point of the Style fhall be in the Plane 
of that Circle; for the Planes of great Circles 
pafs by the Point of the Style. Fu 
| And if weconceive a Conical Superficies which, 
has for its Bafe a lefs Circle of the Sphere, and 
for its Vertex the Point of the Style, that Conical 
Superficies fhall meet the Surface ef the Dial in a 
Curve Line ; fo as when the Center of the Sum 
fhall touch that lef Circle whichis the Bafé of 
the Conical Superficies | the Shadow of the Point 
of the Style fhail touch the Curve Line which is 
the meeting of that Curve Superfieies with the — 
Plane of the Dial: forthe Point of the Style is on 
that Superfieies whereet it is the Vertex. 
The Foot of the Style is that Point on the 
Plane of the Dial, which is the meeting of a 
ftrait Line drawn perpendicularly tothat Plane, 
and which paffes by the Point of the Style. 

“Ifthe Plane of the Dial be confidered as the 
Plane of the Horizon of any place, the ftrait Line 
that pa&es by the Point of the Style and by its 
Foot, thall be the Vertical Line of that Place: 
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GALI ES TA D RER Eee T 
Ks 


~~ 


es 
re : 


andthe Plase that paffes by that Vertical and bY — 
the Axe, fhall be the proper Aderidian of that 
| Place, confidered asthe Horizontal of a Place. 3 
The meeting of the Aderidian and Surface of © 
the Dial is called the Sub/fylar Line , or the A4e-4 
 vidian of the Plane or Surface of the Dial, which 
we ought to diftinguifh from the Meridian of - 
the Place , which isthe meeting of the Meridian 
proper to that Place and of the Surface of the 
Dial, at leat ifthey be not coincident, which 
happens when the Dial does not decline fromthe 
Eaft or Weft. | uses ease A 
We fee by the pofition. of thefe Lines that 
the Suifylar Line 3 always at Right Angles with | 
the Equmocsial Line, Re 
We ough: to make the Dial fo as the Foot of: 
the Siyle be not incumbred , for that Point ferves 
* for many Operations ; therefore the Style mult be 
- planteda little obliquely upon the Surface. : 
©} anderfland by the length or height of the 
Style the ftrait Lane drawn from the Point to the 
: foot thereof, | à | 4 
The ches of the Sigzs on the Surface of the 
Piel, are the Defcriptions of the Parallels tothe’ 
_EgdisaGial, which paf thro the 12 equal Divifi- 
ons of the Eclistith Line, which fhew the begin- 
sing ofthe Sige,  .  * 4.48 
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CHAP. UL 


| do Mark the Points of Shadow. | 


Fig. 2. He Practices which are taught in'this 


Treatife, being founded on the 
Points of Shadow of the Point of the Style to be — 
very fmall, it is “very neceflary to mark them 
very exaétly ; butit is very difficult becaufe re A 
the Penumbia: See here two ways by which it 


_ may be done. 


UT he ff is to fit a fimall round Plate tothe 
Peint of the Style, which may be parallelto the 


Plane of the Dial, whereof the Center may be 


joyned to the Point of the Style ; then having 
“drawn the Shadow of the faid Plate onthe Plane 


. ofthe Dial, take the middle of that Shadew, — 

~ which fhall be the Shadow of the end of the 

… Style at the fame time when we obferved the 
Shadow of the Plate. 


The Second way is to make a fmall round . 
holein a little piece of Paft-board or thin Plate, 
or other like body , and having applied it to the 
end of the Style, fo as the Center of the Hole 
may be joinedto the F oint ofthe Style, and that 


the fmall Plate may regard the Sun perpendicu- 


larly ; the light of the Sun fhining thro the 
| Hole 


er 
. 
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~ Hole fhall mark a clear Circle or Oval D E in thé — 
Shadow of the Plate on the Plane of the Dial, 
which we draw on the faid Plane;and ifit be an Q- 
-val,having drawn a ftraitLine DPE from thePoint _ 
P, which isthe foot of the Style, whereof S is — 
the Point, which may paf thro the Cesrer of that — 
Oval and cut it in D andE, or drawDG and 
EF parallel to one another, and making any 
Angle with DE, DG being made equal to DS, 
and EF equalto ES, ‘the Line GF fhall cut 
DE inthe Point A, which fhall be the Shadow : 
~ of the Point of the Style S, at chat time when 
the Oval was drawn : But we may take the Center | 
of the Oval for the Point A, without falling ins — 
to any fenfible Error , as we may fee by this O- 
peration. HU 
But if the Shadow be a Circle , the Center of 
that Circle fhall bethe Shadow of the Point of 
‘the Style. | 
Here Note, That we ought to make the Hole 
as fmallasis poflible, for fo the Operation fhall 
be more exact. Iris fufficient that we may fee 
 diftin@ly the Figure of the Light inthe Shadow 
of the {mall Plate. | | 


CHAP. 


re DA le 2 ant M el re PA a toes ET 


Ver 


i CHAP. IV. 
To Draw the Horizontal Line. 


| A Style the Point whereof is S, being planted © 
upon the Plane of the Dial, we apply a 
Rule AS, fo as one of the Edges thereof AS 
may be level , touching the Point of the Style, 
and that the end of that Edge of the Ruler may 
touch the Plame of the Dial at the Point A, 
which fhall be one of the Points of the Horizontal 
Line. TUE 


By the Point À draw a level Lineon the Plane 


ot the Dial, which fhall be the Horizontal 
_ Lim, | 

_ Thereare fo many ways to fét a Ruler level, 
that I will prefcribe none in particular. 
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To find the Subftylar Line, 1200 
Points of Shadow dczag given iu 4 x 
certain condition, ae 


To find the Center and draw the Equi- 
noétial Line; the Declination of 

_1beSun, and one Trait of Shadow 
being given. Ne 


Fie. 4. Le there be a Style,the Point whereof is. | 
AS) S, and P the Foot, having marked the | 
Point A, which let be the Shadow of the Point | 


S, onthe Pleneof the Dial; onthe Point P as © 
a Center, and atthe Diftance P A, deferibe the 
Circle AB , and when the Shadow of the Point 
S comes again to the Circle AB on the fame day, 
at the Point B we mark that Point. “Chen draw. 
the Line AB, and divide it into two equal parts 

-inDs the ftrait Line PD, fhall bethe Subjfylar | 
Line , which ought to be at Right Angles to the © 

Line AB. We may take divers Points, as A, fot 
to find divers Peintsas B, and if the Operation 

be made exact, allthe Points as D, ought te be 

in oneand the fame ftrait Line with the Point P. : 
… Jfthe Suns Declination has changed confidera- 

bly in the time which has pafled between the 

~ two Obfervations of the Points of Shadow A and | 

B; which may fall out when the Sun is near 
the Equinectiql Points, or when the Style PS is 


' 
( t : i 


time between the Obfervations, we fhall not 
have the Sub/ylar Line exactly. : 


a +6 TheDémonftration ofthe former Praftice. 
+ Suppofñngthe Declination of thé Sun not to be 


very high; or laftly, when there has pafled much 


changed. between the two Obfervations of the a 


Points of Shadow A and B; by conftruction the 


two Triangles APS, BPS, are equaland alike; : 


therefore the Angle PS A is equal to the Angle 
PSB; the Sum therefore was equally elevated a- 
hove the Plane of the Dial, then when the two 


Points of Shadow were obferved. _ ‘Therefore. 


the Sunævas equally diftant from the Meridian of 
that Plane at the umes of the two Obfervations : 


Therefore the Line P D, which divides the Line _ 
or Arch/AB into two equal parts,{hall be the Aers- 


dian of the Plane. 


To find the Center of the Dial , and to draw 
the Equinogtial Line knowing the place where 


the Shadow of the Point of the Style cuts the 


Subftylar Line. | 
If between the Points of Shadow A andB , we 


mark a Succeffion of Points of Shadow , fo that 
… We may have the Point L wherethe Shadow of: 
… the Point of the Style meets with the Subftylar 
Line betweenthe Obfervations, having erected 
PF perpendicular to the Subpylar Line , and 
equal to the height of the Style PS, let the ftrait 
Line EE be drawn, and having made tHe Angle 
: EFE equal to the Declination of the Sun'at 
ame ; | that ui 


ii 
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that time when the Point ot Shadow L did meet | 
with thelSubjtylar Line , {fo as the Point E, or . 
the meeting of the frait Line F E with the Sub- | 


i fiylar Line, may be always towards the Corivex — 


part of the Curvature of the Line ALB, that 


À 
nN 


Point E fhall be the Point where the Eguinoctial | 
Line E G cutsthe Subftylar Line ; which Lines | 


{hall interfect one another at Right Angles, 
Then having drawn FC perpendicular toF E, 


the ffrait Line F C determines the pofition of the | 


Axis with the Subffylar Line; andif it meets with © 


itin the Point C, that Point fhall be the Center — 


of the Dial, andthe Line F C fhall be the Angle 
of Inclination of the Axis with the Sub@ylar Line, ~ 


which ferves to place the Axe, and to find the 


other neceflary Points for the Conftructten of the — 


Dial. 
It is not neceflary that the Point. ef Shadow L 


fhould be taken on the fame day when we ob- — 
. fetved the other Points AaudB, it is fufheient — 
that we have the Declination of the Sum then | 


when we make Obfervation of the Point L , and 


on which fide the convexity of the Traé of the | 


Shadow fhall be on that day, to find tke Point E, 
| Demonftration, 
The Demonffration of this Operation is manifeft, 


if weconfider that we have made the dagle LF E, 
and that the Line FC ought to be extended in 


a he Plane of the Meridian , which is perpendicu- 


lar 


an) 


lar to the Plane of the Dial, and that the meeting 
of the Line DP Cand the Po F, ought to be 
conjoyned inthe Pointof the Szyle S, 


Another way of finding the Subftylar Line by the . 
Amplitude of the Suns Rifing and Setting upon - 
| the Plane of the Dial. Da itis 


_ Whenthe Sun begins to rife on the Plane of 
the Dial, mark the Shadow of a Small Thread ex- : 
tended from the Foot of the Style to its Point, and 
do alfo the fame when the Sua fetson the Plane 
ofthe Dial , the Angle comprehended between … 
thefe two Lines of Shadow , whofe Vertex is at _ 
the Foot of the Style, being divided into two e- 
qual parts, fhall give the Sub/fylar Line, 
Thisis manifelt , for that Angle isthe Sum of 
the Ortive and Occafive Amplitudes of the fame 
day, which wefuppofe to be equal ts 
… The Subftylar Line being placed, we may find 
the Center of the Dial by the Practice of the 11th 
Chapter , ufing only one Point of Shadow, and 
knowing the Declination of the Sum at the Hour 
where the Point of Shadow has been marked ; 
andif the Dial have no Center, we may have the 
Anclination of the 4x4 with the Subjtylar Line, 
which fhall ferveinftead of the Cewrer tor the pla- 
cing of Hours: Alfe by the fame Practic 


D | CWemay 
bave the pofition of the Equino¢fial Line, | 
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CHAP. VI. 


° | ee 
To place the Subftylar and Equinodti- 
al Lines, andthe Center of the 
Dial, aud to de termeose the pofitioë 
ofthe Axis. gers? 
Any Two Points of Shadow being 
uen with the Declination of the 
Gun wi the time of Observation of 
the Points of Shadow. | 


Fig.5. A being placed on the Plane of the 

| Dial,whereof thePoint may be Sand P 

the Foot, and any two Points of Shadow A and B, 
taken at pleafure. à | 

Upon fome certain Plane having made the 

Angle d fa equal to the Sum or Difference of a 

Right Angle, and that of the Declination of the 

Sun on that day on the which the Points of Sha- 

‘dow were mark’d, according as the Declination 

is North or South ; for you would have a Point of 

the Swbffylar Line as which may anfwer to a 

, Point of the Axa, which may be more North 

 chanthePointot the Style, you muft make the 

Angle df a equal to the Sum ofa Right Angleand 

Angle of the Declination’ of the Sua, if the De- 

 dination be North , but equal to the Difference 

ofa Right dAngleand Angle of the Declination if it 


Cay 


“be South. Having 


Uy. "FOP ETAT à | tre is 4 
qv Ay. via 4 FAN A NES 
bade i" te : a 
uf { re 
y 


ee vidal «eit a 2, eaten | 
RES re 20 AE oe 
- Fe ; 
T 7 - 


re 


Two Arches of Circles at T and L, and from the 
Point B,at the diftance of the Line 4d, inter [ed the 
former Arches at the Points L and T » then draw 
the //rait Lines L T'and A B,which fhall inter {eck 
one another at Right Angles in the Point O; and. 


from the Point O as a Center, at the.diftance LO or 
OT, which are equal; défcribe the Semictrele 
LDT. 


» 


“Then draw the ftrait Line P G K paral 
AB ,interfeting L, T'inthe Point G, and make 
GK equal to PS the height of the Szy/e: and from 


. Take {dof any length, andmake (2 and fa 
equal to the Intervals SA, SB, from the Point 
of the Style tothe Points of the Shadow: fromthe - 

Point Aas a Center at the diftance ad, defcribe | 


lel to 


_the Point P,as a Center,at the diftance of the Lire : 
fa, defcribe the Arch I, cutting the ftrait Line ~ 


LT inthe Poil. - 


_And fromthe Point K as a Center, and at the. 


diftance G ',defcribe the Arch DR, cutting the Se~ 


‘#icircle L'T'in the Point D: Thentothe Line 
LT, letfallthe perpendicular D Q,, and draw 


the ftrait Line QP, which fhall be tne Subfty- 


lar Line. 


_ Tf the Point Q falls too near to the Point P, we 


may take fd greater ; and begin the work again 


to determine the Subftylar Line more exadlly. — 


wif the Declination of the Sun be confiderably “ie 


changed between the Obfervations of the Points 


of Shadow, beitthat the Obfirvations be made 
_ On the fame day oron different days, the Angles : 


af as 


a 
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Pla ,dfb rau be made according to the. dif 
ferent Declinations atthe times of Obfer vation,and _ 
the Angle df a-being made as has been taught || 
before for the time of the Obférvation of the Point — 
of Shadow A, make fa equal toSA; alfo the © 
Angled fo being made for the Obfervarion of the 4 
Point of Shadow B , make {b equal to S B. 7 
Then fromthe Points P and Q of the Subfy- à 
lar Line raile the Perpendiculars P N equalto the | 
height of the Style P S,and QM equal to QD; 1 
then ifthe fre Line MN being drawn meet | 
with the Sub/fylar Linein C , the Point C fhall be | 
the Center of the Dial, and the Line NE per- — 
pendicular to NM, meeting with the Subfiylar 
Line ; the Line V Ebeing drawn perpendicular to | 
the SabPylar Line pafling thre the Point FE; fhallbe | 
the Equinoctial Line of the Dial. à 
We may obfervethat the Point D ought to 
‘beon the Gde with the Semicircle TLG, which 
is cut bythe Line PGK, and which anfwers to 
the Point Mof the Axs, which is fuppofed to | 
bé more toward the North than the Point S ; the | 
Point D'may indifferently meet with the Circle on 
_cither fide of the frast Line HT. ne 
Al, We may obferve tharifthe fra Line 
LT pañes by the Point P, that Line fhall be the: | 
 Subfiylar Line, and it fhali always paf by the 
Point P , if che Pants of Shadow A and B are | 
Points ot the Equinottial Line. nt Yi 


De-. | 


+ Demonftration. 


_ At à clear by this Conftruciion that the Line {d 
reprefentsthe Axis, and {a and{b the Lines ofthe. 
Shadow from the Pott of the Style , which make 
with the Axis {d an Angle equal to the Sum or 
Difference of a Right Angle and Angle of the De- 
clination of the Sun , according to that rwhich hath 
peen prefcribed inthe Prattice : Therefore if we con- 
ceive that the two Trianglesafd, bf{d, eacha- 
part have ther Points aandb in the Points of’ 
Shadow A andB, and their Points { joyned toge- 
ther with the Point S of the Style, if the Points d 
if each of thefe Triangles are alfo joyned together, 
‘hefetwo Triangles in this Pofition compofea Py- 
amid ABS d whereof the Line Sd wthe Axis of 
the Dial. rats ht dheneret gd 
But to find on the Plane of the Dial a Point 
which. may anfwer perpendicularly. to the Point 
15 as Panfwers to the, Point S, we mu, : 
onfider in the Pyramide the Triangle ABD: 
omove upon the Line AB ,. fo as it mas 
fet that the Point d deferibes a Circle fuch as is 
TLD, ona Plane which xs perpendicular to the 
"lane of the Dial; and the Inter{ection of thofe two . 
Mies is the ffrait Line TL, which ought to cut. 
he Line À B, which conjoyns the Points of Shadow — 
4 and Bin the Point O, avndOT, OL fhall be. 
ig : There remains nothing more but to mark. 
€ Point d or Duponthe Circle L DT couch’d on 
be Plane of the Dial. BOS Siem uty ff 


The Plane of the Circle LD T being perpendicu= 
lar to the Planeofthe Dial, if we concerve that 
the ftrait Line fd moves upon its extreme , { be- 

ing immovable, and put upon the Point of the Style 
S', and that the other extrem thereof à, may be 
always in its moving upon the Plane of the Circle 
LDT, it#evident that that extream d {hall de- 
feribe a Circle R D upon that Plane which [hall 
have for its Center the Petnt ‘K,where the Line'S K 
drawn from the Point of the Style S perpendicularly | 
to 1be Plane L DT, meets with the fame Plane,the 
which Line S K {hall be equal toP G: but the Se- 
snidiameter of the Circle R D {hall be equal to GI 
if P Ibe made equal to fd ; but the inter[ection of 
the Circle L D T with the Circle R D, which athe 
Point D determines the pofition of the Point à of the 
Axis. So as D Q-confidered as perpendicular te the 
Plane of the Dial , coming fromthe Point d. or Dy 
does there mark the Point Q, which is one of the 
Points of the Subftylar Line , feeing that the Point 
das one of the Point of the Axis. | ae 
Iris alfo evident thatthe Plane N MCP being 
fuppofed to be perpendicular to the Plane of the Dial, 
"the Line N Mdpes there reprefent the Axis in its 
_ pofition, the Point C the Center of the Dial, and 
“confequently the Line VEN fhall be the Equi 
 podtial. mie 


K 
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Another Praétice upon the fame Pofittons and 
ep COMET ACT IONS dis; NC Ys 
* The fame Preparations being made as before : 
-take,two fmall Rods of “any firm Matter, as of: 
‘Wood of a fufficient thicknefS , «or of Iron: and 
‘make them pointed atthe ends,and equal in length 

to the ftrait Lines ad, bd; it is net material 

whether they ‘be ftrait or crooked , if the Di- 
ftandes between their Points be equal to @d and 


bd. 


» 


Put one of the Points of thatRod which is equalta§ 


to adon thePoint of ShadowA and one of thePoints 
of the other Rad to the Point of Shadow B, and 
joynthem together by their other Poists, but fo as à 
the Pomis that are joyned together may approach 
or fall back from the Point of the Sryle without 
altering the other Points of the Rods , which are 
feton the Poznts of Shadow AandB; then we 
take with the Compafles or otherwife, the di- 
ftance between the Points aandd, and {et that * 
diftance between the Point of the Style and the 
Points of the Rods that are joyned together, fo 
as that Point,as it may be more toward the North 
than the Point of the Style: by this means the 
common Point of the Rods being fixt fhall be one 
of the Points of the 4x which ought to pafs 
by the Point of the Style, therefore the fituation 
of the Avis fhall be determined. RN 
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1 BythiscommowPoint of the Rod: fo fixt, which 
‘JeillD ; having drawn a Line perpendicular ‘to | 

the Plane of the Dial, which fhall meer it in the 

Point Q, the Line PQ fhall be the Subttylany 

Line. * | re kom ? 

The Point C on the Plane of the Dial where 

it is met by the Line D S, drawn by the Pont of 

the Style S, and by the end of the Rod D, fhall 
be the Center of the Dial, and by the ‘Practice 
of the 11th Chapter we may draw the Equinoëti- 
al Line: but ifwe have not the Center, we may 
draw it by the Praéfice of the fame Chapter. 

This Prattice may ferve to make you underffand 

more eafily the Demonffration of the Conftruttion 

which us propofed in that Chapter: taf ional 


CHAP. VIL 


To place the Subftylar Line ; the Cen- 
ter of the Dial and tbe Equinottil 
' Line. | 


One only Point of Shadow being given, | 


with the Dechuation of the Sun and 
height of the Pole above the Ho- 
rizon, 


Fig. mn ea placed a Style upon the Plane 

or of the Dial, whofe Point may be S, 
and P the foot, and A one Point of Shadow, draw 
a Horizontal Line by the Pratfice of the 4th Chap- 


ter. And bythe PointP draw the Lines BPH — 
erpendicular to the Horizontal Line b H, and - 


Z parallel to H hand equal to the Height of the 
Style PS. Then from thePoint H,where P H meets 
with the Horizontal Line, draw HZ and ZB 


perpendicular to Z H, which fhall meet with 


HP atthe Point Bif the Horizontal Line pafles — 


not thro the Point P: Firft let it meet at the 
Point B. | 
Upon fome Plane make the Angle d [a equal 


to the Sum or Difference of a Right Angle, and 


C 4 of 


“ the Declination of the Sun atthe time vb 
the Point of Shadow was oblerved, according 
tothe Precepts which have been given in the 
. GtbChapter , and make the Angle d[b equal to 
the Sumof a Right Angle and the height of the 
. Poleabove the Horizon. f 
Then taking the Port d at pleafure on the 4 
Line fd, make fhequal to Z Band fa equal to 
the length of the Shadow from the Point of the. 
Style Stothe Point of Shadow A, and draw the 
fran Linesad bd. —— | 
And by the Peizts Aand B draw the Matt Ling 
AB, aud from the Point B as a Center,at the diz 
lance bddefcribe the Arch FT either above or. 
below the Line AB; and likewife from the” 
Point. A as a Center , and at the diftance a d, de- 
fcribe the Arch gd, cuteing the Arch Lf at- the 
Point L, and fromthe Point L draw the frat | 
Line. OL perpendicular to AB. © À 
Fromthe Point O as a Center, at the dsftance 
O I, defcribethe Arch DL. 
‘ And from the Point P draw the férait Line 
P GK perpendicular to O L, ; and from the fame _ 
Point P,at the diftance d/, defcribe the Arch 1 ei- 
ther on the oné or the other fide of G ; cutting ihe | 


We Line T, Oat the Point I: 


Then make GK equal to PS the belt off 
© the Style, and'fromthe Point K, at the diftance, 
G 1 defcribe the Arch R D, cutting the ArchDL 
jn D, and from'the Point D draw the ffrait Line 
+ >Q perpendicular to +L 9 , and the Line P Q 

ne 


which pafles thro the PointsP and Qfhallbethe 
Sub{tylar Line: Di SPL, if US 
It the Point Q [be too nearto P, we may find 
another by. taking another Point don the Line f, d, 
| as has been fiid in the Practice of the Precedent | 
Chapter ; alfo we muft havea regard tothe other - 
Obfervations which have been made upon the 
fame Practice, by that which 1s there founded on 
the fame Principles. AUD EE 
. Conféquently We place the Egwinoëtial Line 
and the Center of the Dial by the Practice of the | 
11th Chapter : but wehavealfo here thisadvan- _ 
tage, that the Lime which pañles thro the Point 
Bandthrothe Center ef the Dial, fhall be the - 
 MeridiamLine. — | ak 
In the fecond place, if the Horizoutal. Line 

| pañles thre thePoint P, or if the Pcint B betoo far 
| diftant from the Point P, we muft faften another — 
| Style upon the Plane of the Dial. whereof the 
Point may pafs by the Line of the Plummet hang- 
: ed fromthe Point S of the Style, the Point of that 
_ fecond Style heing called B , weperform the O- 
 peration as before to find the Lines da, db: but 
we may ufe the fmall Rods, as has been taught 
in the fore-going Chapter , otherwife the Opera- 
tion would be too long. 


Demonftration, k 
… This Operations fo like to the precedent ; that 
the Demonftration does net much differ frame it : 
for here inftead of a Second Point of on D 
à: ave 


dan et 
i . 6 s of 
tie al PR 


| | bave! be Point B , and the Point bf of the Tran à 
gle bfd being applied in BS, that Triangle 


moving upon BS and meeting the other Triangle 


ald whereof the Points af are appliedis AS, and 


which moves upon AS, fo as the Points dd of the 
two Triangles may be joyned together; then the 


Axis which ought to pals by the Points Sd, foal be 
flayed in that Pofition, as we have feen in the pre- « 
cedent Chapter : for inall the diferent Pofitiens of 
the Triangle b{d moving upon BS, the Line | 
Sd which reprefents the Axis, remains always e- 
 Jevated absve the Horizen , with an Angle equal — 
to the Elevation of the Pole above the Horizon, — 
sd it {hall not be frayed inthat Pofition , but by 
the meeting of the other Triangle afd , fou the 
two Points dd of thetwo Triangles may be joyned — 


together. — - fi 

There of tha Operation being altogether like to 

_ the precedent , we fhall not here. again repeat the 
Demonftration. + de: 


- CHAP, 


COPA PTE betas 


To find the Center of the Dial, and to 


Jituate the publtyler and | Equino@al 4 


Lines. 


One only Buintof Shadow £eing given, Le 


and the Jbortefi Shadow. 


Fy. 7: HE Med ds on the Plane . 


of the Dial, whofe Point let be S: 


and Foot P , and marked a Point of Shadow A, 


and divers other Shadows following one another, ‘à 


as GB, which may determine the length of the 


fhorteft Shadow , which is PB the Semidiame- — | 


ter of a Circle, that hasfor its Center the Foot of 
the Style P, which touches the Tract of the Points 


of Radius GB inthe Point B , and determines 
it exactly; which cannot be done by the meet- _ 
‘ing of the Two Curves, that is of the Circle NB 


and Tract of Shadow G B. 


Therefore upon fome Plane p Df equal 1 tothe — 


height of the Style PS, draw cpb p eet | 


dicular to {p and make p b equal to PB, a 
fhall be equal to SB ; and prolong f bto @y 


1 and let wh a be ct to the length of the Shadow | 
| * Then : 


ae eS 


“ 


PTT CLÉS Oe AR DT NT PORC A Re TR AE rn, ho tie ETES 
… Then make the Angle afc equalto the, Sum 
or Difference of a Right Angle, and the Angle 
of the Declination of the Sun at the time when the 
Points of Shadow were obferved, following that 
which has been noted yin the Practice of the 61a 
Chapter, the Line fe meeting bp ine draw the” 
ftrait Line a c. | aia 4 
Then on the Dial from the Pomt P. at the 
 Difance pc defcribe the Arch CF, and fromthe — 
Point of Shadow A, at the Diftance 4 cdefcribew 
the Arch[D€ , interfecting;the Arch GF in the ‘| 
Point C, the Point C fhall be the Center of the* 
 Dialand the ffrait Line CP fhall be the Sublty-_ 
Jar which fhall cot the Traét of Shadow in the 
Point B, wherethe Circle NB ought to touch 


| At. + +h by 
The Subjtylar Line being placed ,. we may. 
‘draw the Equinoctial Line by the Practice of the 
ath Chapter. lle da 040 


Demonftration. 


This Praëtice is foundedon the fame Principles 
asthe fore-going Operations, except that in this the 
Linefc isthe length of the Axis from the Posnt of 
the StyleS tothe Planeof the Dial, for the Trim 
_ angle c{b moving upon the Line {p applied to 
SP, reffs in that Pofition as it ought to do to deo 
termine the Center C. by the Triangle af c, which 
moves upon a fapplicdto AS: but inftead of thefe 
two Triangles it fufficeth that the Lines pc andac 
4 : moving 


v4 
ili A 4 


panda;may determine the Center Cy as it à cafe. | | 


to conceive by the Cenfiructien. 


… Note, That if in this Pra@ice theLines à pand a 


à fe be parallel or make a very acute Angle, the 


Axw thallnot meet with the Plane of the Dial, 


pied ARS Satie ae ea ed ere 
MEG, RG Nile ey A NA MES 
ras SR aly ‘ 


or elfe fhall meet with it at a great diftance from _ 


Practice. 


the Point P. ‘Fhen you muftufe the following - à 


NOT LA After you have made the fame prepa- 


ration as before, take /g onthe Line fe ofany 


length , andfrom the Point g drawa ftrait Eine 
gm parallel to /p, which fhall be alfo perpendi- 
cular top ; from the Point g as a Center jatthe — 


diftance g a, defcribeithe Arch ae intérfecting 6p 
in the Poznt e. 


From the Point Aasa Center, and at the di- 
ftance e m defcribe the Arch MQ, and from 
the Point P asaCenter,at the diftance p m,defcribe 
the Arch MF interfecting the Arch QM inthe 


Point M, and M PB fhall be the Subftylar 


Line, 


Then draw the ffrai Lise P Z, perpendicular 


tothe Sabfylar Eine M PB and equal to P Sthe 
heighth of the Style, and alfo M G perpendicular 
to the fame Subffylar Line MP B, and equal to 
mg, the Line GZ fhali determinethe Pofition 
of the Ax in refpect of the Subfylar Line, and 
Z E being drawn perpendicular to Z G meeting 


the Subfyler Linein E the Equincétial Line, thall 
me We aba 


Ze ee 
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‘ er oh aie Yeap 
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Pea sg ry. Pie Tk PE A ii ak Les Vil tow 
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be VE perpendicular to the Subpylar Lane intel 
feéting itin the Point E. oie 


Demonftratson. a 


‘There ss no difficulty in the Demenftration of this 
© Praëlice after that which has been explained bes 
fore, we muff only concerue here the Triangleem g 
to be perpendicular to the Plane of the Dial , that | 
it is Right angled at the Point m, and that it is 
moved about the Point e which is put upon the 
Point A., fo as the Line em is always on the 
Plane of the Dial, and alfo that the Trapexium 
pfgm is movable about the Line p f which ought 
to be applied to the Style PS, fo as the Triangle 
em g andthe Trapexinm pf g m may meet in their 
common Linemg or MG, the LineMG fhall be, 
= another Style anpvering to the firft , the Point M 
fhall be the Foot thereof, and G {hall be the Point, 
and the Line that paffes by the Points of thefe tro, 
Styles S and G, {hall bethe Axis, and confequently 
the Line M P that paffes by the Feet of thefé cor- 
refpondent Styles {hall be the SubjtylarLine =. 
thas fé manifeft that.the Line ZG determines 
she Inclination of the Axis in refpeët sof the Subfty-. 
dar Line. | | 
| We may take divers Points of Shadow as A, to. 
confirm this Operation , as we have done inthe, 
Pradice of the sth Chapter , the fhorteft Shadow 
P Bremaitiing always the fame.’ 
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Obfervation of the Point of Shadow A, and the 
made as we have taught before for the time of 
makes with cf the required Angle for the time 


of Obfervation of the Point of Shadow A: for 
t is not neceflary that the Obfervations of the 


shadow B,fhould be made on the fame day. 


CAP IX 

Fo find the Center of the Dial, and to 
Lines. 

the Declination of the Sun at the 


were cblerved, 


18.9. À Style being placed on the Plane. of 
1 « A the Dialiiéseof the Point may be . 
and the Foot P , and two Points of Shadow 
and B being obferved, st at 
Make 


the fhorteft Shadow , and then draw fa, which 


‘wo Points of Shadow Cerrg gives with | 


times when the Points of Shadow - 


ae PRE Un tee PRIE ohare au din tt ie A civiles pré MO du de 
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_ Itisto be obferved, That if the Suns Derlina. 
tion hath confiderably- changed between the 


fhorteft Shadow PB, the Angle pfe muft be 


oint of Shadow A, and the Point of the fhorteft 


praw the Subftvlar and Equinoctial | : 


\ 
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, Mike the Angle € ; 
“ference ofa Right Angle and the Declination of 
© the Sun at the hour when we obferved the P oint | 
of Shadow A, following the Rules that We hall 


~~ given in the Practice of the 6th Chapter... M 
©: Let feveral trait Lines be drawn, as AB, to= 
ward the place where we fuppofe fomething neat | 
they oughtto meet the Center of the Dial, and 
fromthe Center A at any diftance defcribe rhe | 
Arch ofa Circle DR, imterfecting AE in the | 
Point D. And having made /4 equal to S A4. 
from the Center Q'at the diftance ar, equal to 
ARdeferibe the Arch dr. | 4 
. Then from the Point [as a Center, at the dis] 
. flance S D,defcribe the Arch d n,cutting the Arch 
rdind, and draw the frait Lise a de to meet) 
with the Line fe inthe Pointe, and make AE) 
equal toze, and having found feveral Points as! 
E, draw the Curve Line E Cby all thofe Points: 
If we perform the fame Operation by the Point! 
of Shadow B, andwe fhall find another Curve) 
Lime FC, which interfecting the firft Curve Line’ 
_ in the Point C, determines the Center of the 
: Dial. \ | 
And CP fhall be the Subftylar Line. 
__- We may draw the Equinoétial by the Practice 
‘of the 11th Chapter. "ae 
= The Demonftratiom of this Practice is fo eafñes 
_ that it needs no Explication. | 
"For we may clearly fee that the. Interfection E 
of the two Curve Lines is the Interfection of the 


fides 


| 


À 


| 


f 


‘ 
i 


vil ih: 8 aon 


fides of two Angles 4 fe and fé, whichare con- 


joyned by their common Line fe, and there. 
‘ore the fides 4 f and bf on which thefe Angles 
move, are applied to 4 S and BS, and the 
common fdeof thefe Angles fe which is the 


Axw,being prolonged, meets with the Plane of © 


a inG , which fhall be the Center theres 


CHAP. X. 


Ty fiud the Center of the Dial, aud to 
draw the Subftylar and Equinoial 
RMS ee | 

AnyTz:0 Points of Shadow beiug'eiven, 

with the Declination of tbe Sun at 

the time of Obfervation of the Points 
of Shadow. | 


Fig. 10. Y Er PS be a Style, whereof P may. 
A : Au be the Foot and S$ the Point, and. 
À and_B two Points of Shadow. From the 
Point A, at the Diftance AS, defcribe the Arch 
) Z : Alfo from the Point B, atthe Diftance 
B'S, defcribe the Arch RZ, , interfecting the’ 
Arch QZin the Point Z., .and draw thesffrait: 
3 | D Lines 


fiat epee erat ert Mics a ee, ae 
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i PT 
Lines, ZB ‘and ‘ZA, and the Line ZP forth at 
. Jength,then make ZH equal to Z, B,and draw the 
ftrait Line B H, which being divided into two é: 
“qual partsin E,ler Z E be drawn to meet with AB 
inthe Point F. 1 noel 
Then ereSt PN perpendicular to Z L, and 
equal to the height of the Style PS, anddraw 
GO andO Lat Right Angles and O L fhall nel 
with 'Z, P Lat the Point L; the Line LF fhall be. 
one Line which ought to pafs by the Center of the’ 
Dial. sch es a 
If the Center of the Dial that is to be found, bé: 
more North thanthe Port of the Style; and if 
the Declination be more North, having made the 
Angle ¢ { b equal to the Sum of a Right. Angle, 
and of the Declination of the Sun at the time 
when we have marked the Points of Shadow ; but 
:Fthe Declination be South,having made the Angle. 
€ fb equal to the différence of thofe T'wo Angles. 
And ifthe Center of the Dial required be moré 
South chan the Point of the Style,and the Decli- 
nation be North, having made the dagle cf b en 
qualto the Difference ofa Right Angle and Des 
| élination of the Sun,but if theDeclination be South, 
having made thar Angle equal to the Sum of the 
two Angles. | À 
. Letfb be made equaltoSB , and from the 
Poius 6 having drawn bd perpendicular to ¢ Î 
_ prolonged, it ithe neceflary : from the Poznt B, 
and at the Diftance 6d defcribe the Arch D cut- 
‘ting Fin D, then making de equal to DE, 
draw the frait Linefe, i 
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EU the Point Pdcaw P PIN atendicutat to | Mi 
‘L, and make1 N equal tol S, and draw EN, 


hen draw N C,making an Angie with F N equal 
o, the Angle e fe, the Line NC thail meet with 


he Line E L, ar the Porat C, the Center of the | 


Vial if it bidve a Center, and the eae Line CN 
Étermines the inclination of the Axis upon the 
im CF ona Plane which is inclined to the 
"lane of the Dial towards P,with an Angle equal 
o SIP. 

And CP fhall bethe Subftylar ieee Equi- 
octial Line may be found by the Praëlice of the 
Lith Chapter. 

. But if the Dial have noCenter poi is Hea: 
yy the Line N C being parallel to the Line FL; 
ifthe Center be ata great Diftance from the 
int P: Then. draw the Line T V X parallel. 


o PN, and make VX equal to V T'and draw - 
VX cutting V lin M, and draw PM meeting 


PV in Y, and make V ÿ equal to V Y, andyP 
hall be the Swbfylar Line. The Equinoétial 
Line is drawn by the Practice of the 117b a 
er 


_ To Jind the Center rh three: a ints ro Sao 


Wy à 


Having marked 15 Points of Lan we. 


nay yfind the Line FL by two of thofe Points 
which fhall pafs throthe Center, and by one of 
hofe Points and the third, we aaa find alfo ano- 


her Line which fhall pafs thro the Center;and the | 


D 2, Point 
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As Center of the Dial. | a 


_ knowing the Declination of the Sun, 
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Poiut where thefé two Lines do meet,fhall be the , 


- This Practice may be performed witho at 

The Center being found,and confequently the 
Subftylar Line which pafles thro the Center and 
by the Point P, the Equinodtial Line is drawn, 


by the Practice of the 1 14h Chapter. 


in | 


Demonferation. | 
Fig. 11. To demonftrate this Practice , vel 


mut fuppofe that the Triangle ASB in the. 
1ath Figureto be the fame with the Triangle. 
A Z,B of the roth Figure , foasthe Point Z is 
joyned to the Point of the Style, and that the, 
Line A B remains in its pofition. | Ss 
 Ttis evident that all the P/aves that are perpen- 
dicular to the Plane of the Triangle S AB and 


_ which pañles by the Point of the Style S,interfe&_ 


one another inthe LineSL, which is raifed per. | 
pendicular to the PointS upon the Plane of that, 


_ Triangle: Therefore the Plane LS Fis perpen- | 


_inits true pofition, and the Arch ofa Circle B H | 


dicular to the Plane $ AB, and I fay that the Axs 
is of the Diul, and confequently the Center, fhall” 
be inthat Plane LS F. | 

For the Line S F divides the Angle A SB in- 
to two equal parts; and S B being equal to SH, 
the two Triangles SPD, SH D, being equal | 
each anu liketo the Triangle (bd ot the 1oth 
Figure,and being joyned together by their com. | 
mon fide S D, that Line S D fhall be the Axis 
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Yeféribed from the Center D at the Diftance DB, | 


hall be the parallel of the Sun, for the Angle 
5B Dis equal to the Suns Declination. 

… Butinthefe two Equicrural Triangles HSB, 
HDB, becaufe that the commonBafe BH is equal- 
y divided in the Point E,the Plane that pañles by 
be Lines ES, E D, fhall be perpendicular to the 
Planes of the two Triangles, therefore the Plane 
which is perpendicularto the Planes of the two 
Triangles, and that pafles by their Vertical Points 
3D, fhall carry the Axis:but the Plane that pafles 
by the Point S,and by the Point E,and which fhalf 
9e perpendicular to the Plane of the Triangle 
HSB, fhall be alfo perpendicular to the Plane of 
he other Triangle. | | 
_- Therelore the xz fhall be inthe Plane 
FE S that is perpendicular to the Plane of the 
lriangle ASB, and which paffes by the {trait 


Line SEF, and confequently the Axa mects 


with the ftrait Line F Lin fome Point, or is pa- 
allel to it, and the Point C where the xs 
neets with the Line F L fhall be the Center of 
he Dial, which was to be demontftrated. 

Then to demonftrate the Praétice ‘which 
erves to find the Center of the Dial, we muft 
confider that B H being the Chord of the Arch 
of the parallel of the Sums Declination contained 


between the two Lines of Shadow $A; SB, 


and the Line BD being equa! to the Line bd, 
and de being equalto DE, the Triangle [des 


the fame with the Zriangle S DE of the 11th 
Figure, RER Theie- 


NE & Ta ù 
at ie ) COR 
* ut Ye 


CT i iad Sr a LE Sa. 
"Therefore the Angle cfe is thate which the 
Axis ought to make with the Line FL ona | 
Plane which pafles by that Line FL, and by 
~ § the Point of the Style. à 4 
© Therefore in the roth Figure the Triangle) 
FCN having the Line IN equal to IS of. the | 
‘Triangle FSC , and being both of them pers) 
- pendicular to the common Line I L, and by the | 
‘fame Point], and the Angle EN C bemg es 
* qual to the Angle efc, the Point ¢ fhall be the 
Center of the Dial, if the Line NC meet with 
"the Line IL, which was that which was at) 
aft to be demonftrared. We fuppofe that im 
* this Practice the Difference of Declination bes! 
tween the Obfervations is not confderablÿi 
changed. PART | É: 
As concerning the Practice which ferves to 
find the Subfylar Line , whenthe Point C is at 
a great Diftance from the Point P , or when the 
Dial has no Center , itisevident by Conitruétis 
onthat TV being to VY as NI isto IP , the 
Lines NT and Py ought to meet one another 
in thefame PointC, which fhall be the Centers! 
or they fhall be parallel to one another, and hed 
the Dial fhall have no Center. ‘LU EEE 


CHAP. XI. 


ind the Center of the Dial, and to 
draw the Equinochial Line. Ba 
he Subftylar Line bezng drawn, and 


one Point of Shadow being given, 
with the Declination of tbe Sun. 
WIRE AN D 
‘ter of the Dial being found. 

+ AND inh eat 
0 find the Center of the Dial , the E- 
rquinoctial Line deiug drawu. 


pintS, and Point of Shadow A, and Subity- 
line C P. . 


i 6+ Chapter, fa being made equalto SA, 


le {trait Line 4 d. 
NOR, ‘ D 4 From 


0 draw the Equinoctial Line tbe Cen- 


ig. 12. LE a Style be placed'on the Plane of 
ms, the Dial, whofe Foot let be P,and 


Make the Angle dfa equal to the Sum ot 
ifference of a Right Angle, and of the Sens 
eclination , as we have done in the Practice of . 


ke any Point asd upon the Line fd, and draw 


¢ Se MR 
ro are = 
ee Se fe. 


tere « dde “f go: TRS 
From the Point A draw the ftrait L ine AR | 
_perpendicular. to the Subftylar Line C P, and 
* from the fame Point A as a Center, and at the 
Diftance 4d, defcribe the Arch N cutting the 
Subftylar Line in N, SE i ae 
From the Point R as a Center, and at the 
DiftanceR N, defcribe the Arch ND ; erect the 
perpendicular P Z at Right Angles to theSubfty- | 
lar Line, and equal to PS the height of the 
Style , then from the Point Z as a Center at the 

_ Biftance fd, defcribethe Arch GD cutting the 
Arch N DinD: The Line Z.D determines the | 
fituation of the xz in refpect of the Subftylar 
Line, and if it meets with the Subftylar Line as 
at the PointC, that Point C fhall be the Cen- 
_ ter of the Dial, . | LUS 
. Thenfrom the Point Z draw the ftrait Line 
ZE perpendicular to Z D , meeting the Sub- 
ftylar Line in E, the Line V E perpendicular to 
the Subftylar Line drawn throu gh the Point E, | 
Shall be the Equinoëtial Line. =e, a 
If the Center of the Dial were given, the Line | 
CP fhall be the Subftylar Line, and PZ being 
perpendicular to the Subftylar Line, and. equak | 
to the height of the Style, having drawn CZ. 
and Z E perpendicular to.C Z, meeting the Subs | 


> 
fs 


ftylar Linein E, the Line V E. being drawn perl 
pendicular to the Subftylar thro.the Point Ey. 
fhall be the EquinoGiial Line. 7 2 
. JE the EquinoGtial Line were given, draw 
the flrait Line P E by the Foot of the Style per- | 


pen: 
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pendicular to the Equinoctial Line VE, and 
P £ fhall be the Subftylar Line; and having 
made PZ perpendicular to the Subftylar Line 
PE drawn by P the Foot of the Style, and e- _ 

qual to the height of theStyle) having drawn | 
ZE and ZD perpendicular to ZE , the Line 
ZD determines the inclination or pofition of the 
Axis with the Subftylar Line ; and if Z D meets 
the Subftylar Line asatC , that Point € fhall be 
the Center of the Digi, . pre ff. AE 


The Demonffration of thefe Three Prattices ba 
nothing in it that deferues to be explain'd after the 
foré-going Dernonftrations , for we may ufficiently 
know that the Triangle E Z C is the fame with 
ESC which was upon the Plane, which war 
drawn by the Point of the Style, and by the Sub. 
ftylar Line. it Bots Boyt 


CHAP. 
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| GHAD. XI 
| To draw the Equinoétial | Line, and the i 
© Subftylar Line, and to find the Cen- H 
‘ter of the Dial. ~ | 


Any Two Points of Shadow being given, 
| with tbe Declination of tbe Sun. ‘ 


; Fig. 13. LE a Style be fet onthe Plane of hed i 
Dial, whofe Foot may be P, and 
Point S, and let sled Two Points of Shadow be. 
A and B. 4 
.. Make the "Apple aff equal to the Dechinhvddnl | 
of the Sun at the time when we have marked | 
the Point of Shadow A, and make /# equal to » 
SA, and onthe Point "A as a Center defcribe 
the Arch M Lat any Diftance; and onthe Point | 

_ @ defcribe the Arch lim equal to the Arch. 
Then by the Point A draw feveral ftrait Lines | 
as AL; AM, toward the place where the Equi- | 
- noétial ought to pafs, which may be known by | 
the Declination being North or South , and 
_ knowing near the pofition of the Wall in regard 
ot the AXE, 
Hi Then 
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“Then he the Poin Lyi as a Cente: à ‘and te. a 
the ‘Diftance SM, defcribe the Arch. M cutting : 
the Circle 7m in m; then having drawn 4m | 
Meeting { f{ inf, make AF equal to af: Alto 
make {2 equal to SL, having drawn a@/ cuttin 
ff in d, make: A D equal toad, and foof all 
the ‘other Lines which we have drawn by thé 
Point A, by which we find the Points as F D, 
‘and by all thofe Points as FD we draw a Curve 
Line IL. 

_ Wédothe fame he forthe Point of Sha. 
dow B, about which we draw a Curve Line 
1G, and the ftrait Line DC, which touches the 
two Curves ,; iball be the Equinoitial,. 

By the Practice of the afore-going Chae 
we draw the Subftyle, and find the Center of 
the Dial Gf ithas a Center) with the inclination 
i the 4x to the Subftylar Line. 
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Demonftration. 


à The Demonftration of this Prattice à not di if 
gult to thofe who underflandthe Conique Sections > 
they will prefently conceive that thefe Curve 
Lines, which are traced. abour by the Points of 
Shadow , are the Sections of an upright Cone 4: 
whereof the Angle at the Vertex of the Triangle 
drawn bythe Axis w double the Declination of the. 
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‘The Axis of the Cone is a [trait Line Jeol 
tag the Point of the Style to the Point of: Shd~ 


Thi et nceivethat A 35 # Plane whic 


cae Cones both toi ile and. whic 
pal] es by he cir Vertex, as ts the P oint of the Styles 


He Plane (hall be the Equinottial’. for the Plane, 
that paffes by the Axis of the Cone » and by the 


Line, where the touching Plane meets the Cone, 


foall be perpendicular to the touching Plane, as may 
Cafily befcen ; andthe Angle contained between the 


Axis of the Cone and the Tangent Line, being the 
Declination ‘A the Su byConftruction, the touch 
_ ing Plane {hall neceariy be 4 Plane of the Equi= | 


moitie, sr | 


CHAP. XII. 


To find the Points of the Hours of 6 and 
012 6% the Equinoétial Line , and to 


draw the Meridian Line. 


being given. 


Or to draw the Meridian, the Center 


_ of ibe Dial bezng given. 


Fig. 14. L= PS be the height of the Style ; 


vo whereof P is the Foot and § the 
Point , and let N L be the Horizontal Line, and 


MN the Equinoétial Line ; the Point N where 
the Equinoétial Line meets with the Horizon: 
tal Line, isthe Point where the Line of the Hour 
of 6 interfects the Equinoctial Line, 

From the Center N, and at the Diftance NS, 
equal to the height of the Style, defcribe the 
Arch KH, and taking any Point as O in the. 
Equinoctial Line fora Center, atthe Diftance O 
S defcribe the Arch 1H interfecting the Arch 
KH in H, then draw the ftrait Line NH , and 
AM perpendicular toN H ; the Point M where 
HM meets the Equinoétial Line, is the Point 


where the Meridian Line ought to interfect the. 
Equinoétial Line, | Then 


1 


be Equinoctial and Horizontal Line | 


FÉES 


TON PS a ¥ eek we | 1 mt AR 7 x 
i Sa 


: Then having hanged up a Line with a Plume 
-metF , foasthe Line may pafs by S the Point 
af the Style, mark any Point as €, on the. 
Plane of the Dial, fo as you may fée with one! 
Eye the Points M and C both hjd together by 
the Line of the Plummet , and thisis that which 
_ we call bourning , and the Line MC fhall be 
the Meridian Line. PRISE SU PROC EUR 
But if the Center of the Dial were given , and 
that it were the Point C,we muft mark {ome Point 
as Mon the Plane of the Dial,.which we may fee 
to pafs by the Line of the Plummet with the Point — 
C, and the Line C Mfhall be the Meridian. | 

"We may alfo-draw this Meridian Line in the 
Night with a Candle, in holding it at a di- 
ftance from the Line of the Plummet , fo as the 
Shadow thereof may paf by Mor bythe Point: 
Cwhich of them is given: Forthe Shadow. of 
. that Line fhall be the Meridian Line. J | 


‘ 


~*Demonftration. ; . ee ee 

The Horizontal Circle cuts the Equinottial Cir=' 
ele into tive equal parts and equally diftant from the: 
meeting of the Meridian with thofe Circles; for. the 
Equinottial zs perpendicular to the Axis, andthe 

. Horizontal is perpendicular to the Vertical Line.,. 
and the Meridian. paffes by the Axis and by the 
Vertical Line; Therefore the Hsrizoutal Line cuts 
the Equinottial Line inthe fame, Point where the 
Hour Circle of 6 meets with them, which 51 
go degrees fromthe Meridian on the fame E-* 
QE OT | quinottial 


ii i 


UCI T 


“ uinolbial Circle: rire the Line al Phone ; 
= a part of the Vertical, the Plane that palles 
by that Line, and by a Point of ‘the Meridian or 
of the Axis, fhall be he Plane ef the Meridian, - 
the Inter{ection whereof with the Plane of the 
Dial i is the Meridian Line. | 


4 CHAP. XIV. | 

To draw the Meridian Line , and to 
\ find the Point of the Hour Line af. fix 
- onthe Horizontal Line. 

oh one Point of Shadow being given, 

À withthe height of the Pole, and the 

| OT à the Sun. 


Fi. Ly ‘A Style Le given , whereof let 
S be the Point, P the Foar, being 
placed onthe Plane ofthe Dial, draw the Hori- 
‘zontal Line HA, and from Au Point P draw 
PH perpendicular to H 4, and draw PZ pa- 
‘rallel to HA, and equal. to P'S the height of 
the Sryle, ai, make HE equal to HZ. 
_ Then having mark’d the Point of Shadow A, 
as far from Noon asitis poilible, hang a Plum- | 
“met T’,fo asthe Line thereof may pafs by S the 
Point of the Style, and bournit ( as we did in 
the ere Prattice for the Meridian ) mark 
q the 
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Me meet re 
the Point # on the Horizontal Line, by which 
you feethe Line pafs, then when it alfo pañles 
_ by the Point of Shadow A, and then draw the 
ftrait Line JE. | A 
Then draw an Arch of a Circle zof on the 
Centercatany Diftance, and make x, 0 equal to 
the height ofthe Pole above the Horizon, and 
draw the Lines oc, zc, to c the Center of the 
 Crrcle. leg i | 
. Let the Arch o # be made equal to the De- 
- clination ofthe Sum at the time when the Point 
of Shadow was made toward Z, if the Sum be 
inNorthSigns, and toward f if it be in South 
‘ Signs, for thofe that have their Zenith in the 
North part of the Sphere; burton the contrary 
for thofe that have it in the South part ; and draw 
- amparallel too c. L LEA 
Draw cf perpendicular to cz from the Cen- 
tere, and make the Angle de f equal to the Az- 
gl bS À, and draw the Lined ¢ parallelto fc; 
Meeting c2 in e and amin a. | 
On the Point E as a Center,at the Diftance de, 
‘defcribe the Circle BD,meeting E b(prolonged if 
it be neceflary) at the Post B make BM equal 
toda, and frem M raife D M perpendicular to 
EB, interfecting the Circle BD in D, then draw 
ED (prolonged if it be neceffary) and the Point 
F where it interfedts the Horizontal Line , fhall 
be the Point of the Meridian upon the Hori- 


Zon, . 
And 


gives the Point G wherethe Hour Line of fix 
‘meets with the Horizontal Line. 

It muft be obferved that the Line MD which 
sdrawn perpendicular toB E, may meet with 
the Circle B D on either fide Œ the Point B; but 

you muft take care that if the Point of Shadow, 


is mark’d before Noon, to make ufe of the Point | 


D, which is on the right hand of the Point B 
asin the Example, and if the Point A were 
‘marked after Noon, you inuft take the Point D 
“where M D meets Aan Gircle onthe left hand ofB 
to have the pofition of the Meridian Line; if D E 
“Meets not the Horizontal Line, but then when iv 
is prolonged toward E, the Point F fhall appes-_ 
_tain to the Line of’ | Midnight : All this ought to 
à be underftood concerning thofe, that have their 
Zenith, on the North fide of the Equinoétial ; for 
itis contrary with thofe which have their Z enit 
‘inthe Southern Hemifghere,, nie 
_ _ Ifthe Line ED méets hot the Hor Fo ot ine 
| being likewife prolonged towardsE,then the Dial 
{hall have no. Line, of Mid- -day nor a Mid-nighr, 
_and the Plane of the Dial fhall be either eee 
or Occidental. _- 

, kisalfo to be bie al that the Angle H É F 
Monde. by the Line E Dwith the Horizontal Line 
‘É H, is the Angle of the Declination of the Plage. 

+ By the fore-going Praétice the Meridian Line 
or the. Line ef Mid-night may be drawn by thé 
Point F, 


€ By : E ‘ ‘ “ie 


ARÂEG being drawh perpendicular ED, | 
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~~ Demonftration. 


The Figurefmz c # a Projeélion of the Sphere 
ona Plane by Lines parallelto one another | which 
Projection +s called the Analemma ; the Circlkfm'z 
regrefents the Meridian,and the Point Z the Zenith, 

octhe Equinoctial Line, am the parallel of the 
… Suns Declination at the time when the Point of Sha- 


dow À was mark'd , cf the Horizontal Line, 


-dae the parallel of the Suns Altitude at the fame 
time, and the Point a determines in the Sphere the 
place where then the Sun was. | 
Ifa Verticle Circle zag be conceived to pals 
through the Point atothe Horizon in g , it ts ma- 
 nifeft that the Line f g inthe Circle whofe Radius w 
fc, fhall bethe Verfed Sine of ihe Angle which 
the Verticle Circle z a g makes with the Meridian 
Circle a df, andthat da fhall be the fame Verfed 
Sine in the Ci cle, whofe Radius % de. 
Therefore if we conceived the Planeh,E FD to 
be the Plane of the Horizontal Circle , we may fee 
| by Conftruttion that the Line E F Dis the Meridi- 
anon that Plane, and that the Point F ws in the 
Plane of the Dial, the Point of the Meridian where 


st _meets withthe Horizon, and that the Point G 


 &the Point where the Hour of fix cutsthe Horizon, 


ie (ecing that FE G «a Right Angle; for BM e- 


Lu "circle, 


_ qualto d a is the Verfed Sine of the Angle BE D, 
| -apbich ought by confequence te be equal to the Angle 
—mbichis made bythe Meridian wib thé Vertiele 
ot CHAP. 


# 


C HAP. XV. 


To draw the Meridian Line. 
Two Points of Shadow being given 
in a certain con tition. | 


Fig. 16. Havre fixt aStyle on the Plane of the 
| 3 #7 Dial ,. whereof let P be the Foot 
_ and Sthe Point, draw the Horizontal Line Hb 
_ by the Fourth Chapter, and from the Point P 
_ draw P Zpatallel to AH, and equal to PS the 
height ofthe Style, and having drawn the ffrait 
Line ZH ; draw ZC perpendicular to it: . 
Then the Point of Shadow A being matk’d 3 

or 4 hours before Noon, to the intent that the 

‘Operation may be more exact, let AB be drawn 
 perpendicular to ZC. : ir 
_ ThenmakeB Eequalto BC; and CDéqual — 
to EA, anddrawZ D. | 

_By the place where you judge fomething near 
_ tharthe Shadow of the Point S will artive when. 
: the Sws fhall be fo far from Noon as it was when 
the Point of Shadow A was mark’d, draw many - 
… ferait Lines as Q F perpendicular to H P, and by © 
the Points F where they interfe&@ HP, drawIFR 
_ perpendiculartoZC,and meking FG Aual toFR; 
By : E > P from 


Sues ate SF 


ees, [52]: bathe 
from the Point G as a Center, and at the Di- 
~ ftance R I deferibe an Arch Q, which fhall 
cut F Qin the Point Q, and fo we may find 
as many Points Qaswe will; and by all thefe 
Points drawing a Curve Line Q Q, wemark - 
‘the fecond Point of Shadow O, then when 
the Shadow of the Point of the Style: S meets 
with the Curve QO, 
‘Then draw the Line AO, and of the Point 
A asa Center, and at the diftance ‘A S defcribe 
the Arch XY, alf from the Point O at the 
diftance O S deftribe the Arch XN, Cutting 
, yr Arch X YinX, anddrawX A,XO; then 
_dividethe Angle A X O into twoequal parts by 
the Line XM, which fhall meet with AO in 
M, the Point M fhall be one of the Poirits of 


the Meridian Line, and by the Praétice“of the 


_1.22b Chapter we may draw thé Meridian Line, 
“which oughtto pafs by the Point M. | 
We fuppofe in this Practice that the Suns De- 
‘'élinätion Mas not changed confiderably> be- 
_ tween the two Obferyations of the Points: of . 
“Shadow Mand O. 7S ME bie 


PAR Demonftration {011 
The Curve Line O00 Q which ought to. pafs by 

he Paint V, as à eafie 10 underftand by 126 De- 

| fertotion. + flak alfo-pafs by the Point dy if we | 

make the Defertption thereof on the other fide of 
“the Lire Pull and it is the Scélion of a Right, 
eto My wom bas, OS shales hasguea, 


GIST o À 


à, 


Cone, whereof the Vertex is the Point S, and 


> 
L 


#14 Beas ORAN. LT PE NE NN CETTE se LUE 
HAT: BOUT 
i à | È : J 1 
; é ‘ Pisa \ 
OUT AS PAL à | 


DZ Cthe half of the Triqngle which paffes by the 


Axis, couch’d upon she Plane of the Dial, and 


whereof Z C reprefents the Axzs, the Angle DZC 


a the Complement of the height of the Sun above 


the Horizon at the time when the Point A was 
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mark'd, and thé Lines as I Rare the Sechions ef. 


the Planes parallel tothe Bafe of the Cone with its 


Triangle by the Axis, and upon aubich the Seéti- 


on. of the Cone 35 a Circle, and the Interfetlions 


of thofe Circles with the Plane of the Dial are the. 


Points Q, which are in the Superficies of the Cone 


and confequently in the Conique Section AV QQ_ 


whereof HV P à the Axis: But this Conique 
Section réprefents the parallel to the Horizon phere 
the Sun was found at the time of the two Obferva- 
tions of thé Shadow in A and O; Therefore the. 
Line X°M whith divides the Angle A XO into. 


two equal pares, 7s the Inrerfeétion ofthe Meridian: 


with the Plane'AOS ; fortbat Line fhall divide 
the Cbord ‘of ‘that Angle 5 the Point Mis: there: 
fore one à the Points of the Meridian Line on the 
Plane of the Dial , 7 fappofiug ‘the Declina- 
tion of the Santo be the fame fur the two Points of: 


Shadow Aand QO. + 6% © 
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CHAP. XVI. 


To find the Ccnter of the Dial or deter- 
mine the Iuch:naiion the Axis with 
the Meridian, to draw the Subftylar: 
and Equinoétial Lines. 4 

The Meridian being found, and the 

_ beight of the Pole being given. * 


‘Fig. 17. J Et the Point P be the Foot of the 
| Style whereof Sis the Point, and 
Jet MT be the :Meridian. Draw the. Hori- 
_Zontal Line H 4 interfecting the Meridian Line 
in T; and from the Point T as a Center at the 
diftance T'S defcribe the Arch B A,and feom any 
Point of. the Meridian as M, at the Diftance MS 
defcribe the Arch D Ainterfe@ing the ArchB A 
_, inthe Point A, and draw the ftrait Line AT, 
thenmake the Angle TA C equal tothe height 
of the Pole above the Horizon which is here 
given; if the Line A C meets with the Meridi- 
an, as at the PointC, then C fhall be the Cen-. 
ter of the Dial, and the fame Line A C in this _ 
_Pofition determines the Inclination of the Axis 
with the Meridian Line; And ¢ P fhall be the’ 
Subftylar Line, | | f 
141 From 
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À From the Point A draw A E perpendicular 
to AC, interfecting the Meridian Line in E, 
andthe Line EV drawn thro the Point E per- 


pendicular totheSubftylar Line CP, fhallbe  * 


the Equinoctial Line. 

- But if the Dial have no Center, draw the 
Line RP G atpleafüre thro the Point P meet- 
ing wich the Meridian in G, ‘and With the 
Line ACInR, thén draw another Lire ON 
parallel toR G , meeting the fame Lines at the 
Points N and @; and drawthe ftrait Lines R N 
and GO meng one another in the Point 
F, and make Rp equal to GP , and draw 


pF to meet with the Line O N in Q; and PQ” 


fhall bethe Subftylar Line, and the Equino- 
Cal Line is found as before. 


Demonttration. 


| Bythe Conffruétion it is manife(t that the Line 


AT reprefents the Inter [ection of the Horizontal 
Plane on the Plane ofthe Meridian, therefore the 
Angle TAC being equal to the height of the 
Pole above the Horizon, it is manifeft that the 
Line AC determines the Inclination of the Axis 


with the Meridian MT; therefore confequently 
the Point C [hall be the Center of the Dial if the, 


Line A C meets with the Meridian Line: But 
the Line AE which ws perpendicular to AC which 
bie E4 
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--geprefents the Axis, fall be the Inter{ection of the 


‘Plane of the Equator and Meridian ; therefore 
the Point E [hell be one of. the Points of the 
Equinottial Line on the Meridian Line ; but the 
 Equinottial Line ought always to. be. perpendicu 
lar tothe Subffylar Line, wherefore EV hall be 
the Equinottial Line... hh ue am: 
If we have not the. Center of the Dial,we have 
. drayn RP G and OQN parallel to one ano- 
‘ther, and RN, GO,,inter/ecting in F,and p F Q 
paling thro the fame Point F , then by reafon of 
the like Triangles we have RGto.O Nas Rp or 
GP to QN; therefore PQ, MT, RO 
_ eaght to meet in one and the fame Point C, which 
hall be the Center ofthe Dial, or elfe they fhall be 
all three parallel to one another, and thenthe Di- 
cal fhall have no Center. 


: CHAP. 


À mi CHAP. XVIL 


Remarques and Prattices for divers 
* Abridgments in the Operations cf 
 1be fore-gozng Chapters: CRE 70: 


I, 


Fig. 18.4 Aving found the Subftylar Line pe 
ae i H ‘and the Equinoctial Line ez Zi 
the Style /p, if you would remove the Subity- 
Tar and Equinoctial Lines to another place of 
the Plane of the Dial; the Line PE parallel to 
p € fhall be another Subftylar Line, and VE 
parallel to e # or perpendicular to PE paffin 
tra any Point of the Subftylar Line P E, fhali 


_ be the Equinoétial Line, and we determine by 4 


- the following Method the Pofition of a Style for 
the two Lines PE, EV, whereof the height _ 
hall be given of any length, or we will deter- 
mine the height of a Style whereof the Pofition 
fhall be given upon the Subftylar Line P E. à 
_ Firft, Let the Line AR be given for the 
height of the Style, which ought to be fet for 
the Subftylar and Equinoétial Lines P E, EV. 


Make 


, Make E P equal to ep, and fet it the fame 
way (that isthe Pome P muft be fet above the. 
_ Point E if the Point pbe above the Point e,and 
~ below it, ifit be below it) andmake EZ equal 
 topf, and EZ equal toR A given, and draw 
z P and ZR parallel toZP, meeting EP in. 
R ; andthe Point R fhall be the Foot of the 
Style » the height whereof R Ais given. | 
Thereforeif you fix a Style, whercot the 
‘ Foot may beR, and the Diftance between the 
Point thereof A and Foot R, may betheheight 
ao to the Line ZE, the Propofition 1s fatis- 
ed. | 
Butif the PointR were given forthe Foot of 
the Style, and the height were required: draw. 
PZas before, andby the PointR draw RZ 
parallel to Pz, and E Z fhall be the height of 
the Style whofe Footisthe given PointR. 


IL. 
The Subftylar Line CE, the Equinodtial © 


Line E V, and the Meridian Line C M,anfwera- 
ble to theStyleS P being given , we may take 


: what Point we will in the Subftylar Line as K,to 


the Center of the Dial, without altering the 
Subftylar Line or Equino‘tia!, and the Line 
K m drawn parallel to C M fhall be the Meri- | 
dian Line, but the height and pofition of the 
… Style muft be changed by the following Me- 
 thod. | 


Make 


RU 
: Make Ex equal to PS, and draw MP and © 
PZ, and draw mR and RZ parallels to MP 
andPZ, and che Point R fhall be on the Sub- | 
Atylar Line, which is the Foot of the Style , 
whereof the height is RZ perpendicular to the 
Point R onthe Planeofthe Dial. 


IL. 


If the Subftylar Line C E were given with the 
Meridian Line CM anfwering tothe Style P S, _ 
Wemay take any Point asp to be. the Foot of 
a Style, whereof the height is to be determined ; 
or the Style besng given of any height to deter- 
mine the Pofitionot the Foot p without chang- 
Meals the Meridian or the Center of the 
Dial. ANT J'TE | woe 
Ifthe Foot of the Style p be given, and we | 
are to determine its height, bythe Foot of the 
Style P, put for the'finding of the Meridian and - 
Subftylar Line, let there be drawn PS perpen- 
‘dicular to the Subftylar Line and equal to the 
height of the fame Style , andlet CS be drawn 
by the Center of the Dial, and from the given 
Point p let pf be drawn ‘parallel toPS, ull it 
meet CS in the Point f, and pf fhall be the 
length of the height of the Style, which ought 
to be placed atthe Pointy, and the Meridian © 
CM and the Center of the Dial C are not ~ 
‘changed, | LE Ne 
By | Bur 


Re : Cr 
de * 


ie 


with 


ER 
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_. Butifpf were given forthe height of the Style, 


it muft be put upon PS prolonged if it be ne- 


ceflary in Pz, and z / muft be drawn ‘paral- 
lel to C Pto meet with the Line CS in m /, 
and /p being drawn parallelto SP, fhall give: 
the Point p on the Subftylar Line for the Foot 


of the Style required ,. whereof the height is 


given. — 
OB ameaaan dir 


Fig. 19. The Meridian CM being given, 


the Equinodtial Line EM, we may find 


another Equinoctial as é# , without ‘changing 
the Aferidian , the which Equino€tial ‘e w fhall’ 


make the Anglee'mC withthe’ Meridian CM 


equal to the Angle E.MC, but we muft find ano-- 


| ther Style by the following Method. ""* ” 


If the Center of the Dial be given at the° 
PointC , by the Foot of the Sty/a P which have : 


. ferved to find the Meridianand the Center C,: 


having drawn PS perpendiculat to the Subfty- 


lar Line CP , andequalin length to the fame 


Style, lete [ be drawn parallel to ES, and from 


the Point draw(p parallel to SP, meeting the: 
 Subftylar Line in the Point p, which fhall be the: 
_ Foot of the Style required , whercof p /fhall be 


the height. HP. qe 
Burit we have not theCerter of the Dial ,” 


we mutt draw the Line Sf’ by the Point S which’ 
* determines the Inclination of the 4x with the 


sub- 


Bis 


poste fhall be p f- 

Fig. 20. "'TFafter you have AT the Aerids- 
an Line C M and the Subfylar Line BP, we cah- 
not have the Equinettial , becaufe the ‘Style has 
been put too long, we may diminifh it as much 
as we pleafe , without changing either the Foot 
thereof or the Subftylar Line ; but we muft find 
another Meridian and another Horizontal’ Line 
which may anfwer tothat Style, andthefe Me- 


ridian and Horizontal Lines fhall be parallel to 
the firft Meridian and Horizontal Lines. 


Thereforedraw the Line emM by any Point : 
of the Subftylar Linease, which may be perpen- 


licular toit , that Line may be the Equinodti- 
ul Line; but the height of the Style mutt Be 
changed 1 in drawing e f perpendicular to the Line 
> [which determines the inclination of the Axas 
with the Subftyle, and that Line ¢/meeting $ P 
whichis a perpendicular te the Subitylar Line by 
he Foot of the Style, and which is hisheight, 
© that for the Equinoétial Line em, P z hal li be 
heheight of the Ssyle required; but there mutt 
e another Meridian found , whether the Center 
of the Dial be found or not found, 


Take 


A a the Pradtice of the eh ue 
terr, and we fhall find as before thé Point > for. ae 
‘the Foot of the sue required , whereof the 


- 


ae. Take onthe Subfyle the length e 


By REN CU EN RE A RME PUR TNC Ute Dr EN 4 
| D ae 1) Et FE 
equal to e 
_ drawB M, andalfo take eb on the Subftyla 
_ Lincequaltoez , and by the Point 4 draw 6 x 
parallel to BM meeting the Equinectial Lin 
em in the Point, and let cmbe drawn paral 
Jel toC M, the Linec m fhall be the Aderidia 
tor the Style, whereof the Foot is in P,the heigh 
is Pz, and the Equinoétial Line e m. À. 
And we may yet change if we will the Foo 
of the Style orits height, according as neceffity 
requires by the former Obfervarions. 
But for the Horizontal Line DH which ha 
been found forthe Style whofe Foot was P an 
PS the height, the which meets the Subftyle ai 
the Point H, if you would find another for thi 
Style whofe heightis P z, without placing effe 
tually that Style to make ufe of the Practic 
taught inthe 4thCbapter , you have no more t 
do but to draw SH, and by the Point z the Lin 
Z b parallel to SH meeting the Subftyle in 4 
and the Line db parallel to DH; fhall be th 
_ Horizontal Line required. ‘T4 


Laftly, a Dial being drawn ona Plane,we mai 

_ transfer it in what other place we will on the fam: 
Plane, by drawing of paralle] Lines to thofe tha 
aredrawn, fo that we keep the fame order ani 

. the fame proportion between them in their meet 
ings, but the Style ought to be put at the Poin 

- whichanfwersto the Peint of the firlt , whichi 
-. forits Foot. — 3 | 
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PREFACE 


Concerning the Mabie which we on 
to make of the Prattices to draw 


the Subitylar, Equinodtial, and Me. 
ridian Lines ; and to place eae Cen- 


ter of the Dial » according to the Exs 


en of the Planes propofed. 


Aving taught in the firft Part of this Treatife 
different Praéfices to find the principal Lines 


of Sun Dials, I think it will not be amifs to 


give fome Inftructions concerning the Ufe which 
we may make of thefe Practices, following the 
different Expofitiens of the Planes p pee on 
which the Su Dials are to be draw WD. 
Therefore it is neceffary to ka 0 
near, the Pofition of the Plane in regar f} 
or South before we beginany thing; which m 
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SECOND PART. 
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‘+ Re bya fall Declinatory , which mo 
nr fhews on what fidethe North, South, Eaft, 


or Weft is; which thofe thar are fed. to. obferve 


the Sun, may know by feeing in what manner it 
fhines upon the Plane.according to the Hour 


and Seafon of the Year. 


‘Then we may well conceive after hard mai 
ner the 4xv fhall meet with that Surface, and 
confequently we may judge of the Pofition of 
the Subjtylar Line, of the Equinodial, and alfo 

of the whole Dial, 

But confidering a Dial wholly made, i it is not 
difficult to know, among divers manners which 
we may ‘ufe; that may bemoft fit and moft 


‘ef e for the ConftruGtion of the Dial. 


‘Therefore we may prefently fee that it will 


. be ufeléf to find the Center of a Dial or the 


Meridian ona Plane which comes near either to 
the Faft or Net, and that the Equinoctial Line 
being fet on fuch a Plane, we need not find the 
Point of Mid-day , and that we muft uf the 
Point of thes Sixth Hour to begin the Divifions of 
the Horar Intervals on that Line, or on the 
| Horizontal Line. ) 
Al w we may fee that on thefe forts of Planes 
we cannot ule the Praétices where we ought to 


have the Points of Shadows after Mid: day,which 


may be anfi gare to others taken inthe Morn= 
ing. for that whichis of thofe which give: the! 
“Poh d Meridian of the Plane , which. is 
faut à à 
à Ue 


DER DT ELU Se Re PAST OC RME IP Di 
the Subflylar Line, 

We can never fitly make ufe of them on thefe 
forts of Planes: For if the firft Point hath been 
mark’d a little too far from that Meridian > we 
Can never have it’s correfpondent Point, 

_ Alfe. we muft not ufe the Practices of cor- 
refpondent Points of Shadows » or the’ Traét ‘of 
the Shadow, if the Circle that is deftribed from the 
Foot of the Style as a Center , Meets that Tract 
in Angles too acute; for we cannot determine 
exactly that meeting, and this inconvenience 
| may happen to the Practices on all forts of Planes 
in arty Seafoñ of the Year: ee te A 
| ithe Dial belarge ; or if the Declination of 
the Sun has changed’ confiderably between ‘thé 
Obfervations of the Points ot Shadow, we have 
not exatly the Lines which wé feek: by thofé 
Practices where we fappofe that it hath not béen 
changed between thé Obfervdtions: = 1 | 

In the Practices of this Second Part we fup- 
pote always that’ the Equinoétial Line or Hori- 
zontal Line is drawa , and that we have mark'd — 
on that Line the Por where the Hour of 12 or 
6 meets with it; at which Points we begin the 
Divifion of the Hourson thofe Lines: but to 
draw them we mult have the Center of the-Dial, 
br at leaft the: Inclination of the Ax to the Sub- 
tylar Line , which ‘has’ “been taught in the 
Bir Part. Rute 38 SAM GAS (A 
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by the corréfpoñdent Points; 


CHAP. Lis 


| To omark tbe Points ofthe Aftronomiqué 
- Hours on the Equinoétial] Line , 
and by thofe Points tu draw the Hour 

_ Lines. 


Fig. 2 21. F EtSPbeaStyle, whereof S is the 

Point: and P the Foot, E XII, is 
| the Equinoétral Line; on which the Point XILis 
the meeting of the Equinoctial with the Meridi- 
an, and the Point VIis the meeting thereof with 
the Hour of Six and with the Horizon ; PEA 
is the Subftylar Line which meets with the Equis 
noctialin E. 

Make EA on the Subftyle cau to ES, which 
is the Diftance between the Point E of the Equi- 
noctial and Sthe Point of the Style , and. draw 
À XII or AVI, or both ofthem, if you have 
thofe #2v0 Pcimss on the Equinoétial Line 3 
the which two Lines A XII , AV I, ought to 
make.a Right Angleat the Point. A; then on the 
Point A asa Center , ‘at.any Diftance defcribe an 
Arch of a Circle i which fhall cut the Lines 
A XIland AVI at hé Points bande, and divide 

the Circle from 1 Sto15 Degrees, beginning at 
the 
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thé Point b ; or at the Point C; thendraw. figit 


Lines from the Center A and by the Points of 
the Divifion of the Circle,which muft be prolong. 


ed, if it be neceflary, to the Equinoftial Line,on 


which it fhall give the Divifion of the Hours 
. which are to be mark d, according to the apparent 
motion of the Suz from EafttoWeft; ~~ 


Then by the Center of the Dikl; and by the _ 


Points of the Hours which are mark‘d üpon thé 
* Equino¢tial Line, draw ftfait Lines, which thal] 
be the Hour Lines. | . 

But if we have not the Center of the Dial, and 
we have only the Inclination of the xs Zz. to 
the Subftylar Line e E, you mutt take any Point, 


as e,onthe Subftylar Line, and by that Porte - 


having drawn a ftrait Linee 12, parallel to.the 
Equinodtial Line E XII; and draWinge & per- 


PR 


-pendicular to Zz, make e 4 équaltoez, and 

by the Point a draw the ftrait Lines # 11, 212, 
à 1, Cc. parallel othe Lines A XI, A XI, AT, 
@&c. and by thele Points, where thef: Lines meets. 


With the Line e12, and by thofé which are. 


Correfpondent to them on the Equinodial Line, 
draw theHour Lines 11 XI; 12 XII, 1 1, aoe. 


Deinonftration 9 “+ 


_ ThéPlané S XII Eis the Plane of the Equiro— 
Eal by the Conftructions of the Firft Part, azd the 


of 
“of 


Ble [XILE , we ought to pat upon the Plane 
"hg atlas Sef tbe 


Triangle A XILE being the [ame with the Trian- 


VAN, Aie Lai SR ARS ET ON nt en SN 
À ? UE 
V4 . 1 à 
Ft 


5 < Let : 
[631 ne 
; À * 


aViades 


Lt Je 


SORTER SAL BOT Awe. 9% 2. > de | A ny à 
oe ie) AS SOCRARE 


a CHAP IL 


To mark the Points of the Aftronomique 

~ Hours ov t4e Horizontal Line. | - 
And to draw the Hour Line és thofe 
. Points. Bt ars dye 


Fiz. 22. S Is the Point of a Style givenywhere-. 
7 of Pisthe Foor, MH Disthe Ho- 
rizontal Line, PH is drawn by the Poine P. (the. 
Foot of the Style) perpendicular to the Horizon- 
tal Line, M is that Point where the Meridian 
Line ixterfecis the Horizontal Line, upon the 
LineHP ferH/ equalto HS, and draw the 
ftrait Line fMa, and make the Angle M(A 
equal to the Angle of the elevation of the ‘Pole'a- 
bove the Horizon, then trom any Poimtas A, ta- 
ken on the Line fA, raife a perpendicular from 
¥2 to fA, till ic meet with/Min12, and draw 
the Line 9, 12, 4, perpendicular to fa; and 
make 12 aequal to 12 A; and from the Point a, 
as a Center,defcribe a Circle at any Diftance, ‘and | 
divide it into equal parts from ‘9 Degreesto 15. 
Degrees , beginning the Divifion where the 
Line 3 12 intepfe&s the Circle; anddraw Lines 
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“up bd: Jo 5) 
from the Point @ , to the Divifions of 1 
Circle, to meet with the Line 9.4 atthe Points 
D RU 12, Ÿ5 25 2 45 Ce And by the 
{fame Points and the Point f, draw ftrait Lines. 
which fhall meet the Horizontal Line in tbe 
Points of the Hours required , which muft be 
mark’d according to the Diurnal Motios of the 
Sink of which the Point M fhall be Noon , and 
D the Point of the Hour of Six. 

“Ifthe Line [D drawn perpenaicular to [M 
meet with the Horixental Line at the Point D ,that 
Point fhall be the Hour of Six on the Horizontal 
Line ; which, is the fame Point where the Equt- 
noltial Line ought to meet with the Horizontal 
Line , as hath been taught inthe Firft Part. 

If we have not the Pot of Mid-day on the 
Horizontal Line .,.and.we have but D the Point 
of the Hour of Six, then draw (D and / 44 
* perpendicular tof, the which / M meets the 
Horizontal Line, ornotin M, for it js indiftes 

_ sent ; then we dothe fame as we did before to 
find the Points pi the Hours on the Horizontal 
Line. We may fee by this Pradice thavit is not ne- 
ceflary that the Line iM a fhould meet with the 
Horizontal Line. | 

‘The Hour Lines are to be pees from € As 
Center of the Dial, and by the Points ‘of the 
Hours which have been found on the Horizontal 
Line. real 
. Ifthe Dial aps no Center, itis better to fol- 
low : the Method of the precedent Chapter than | 


this, 


. ae ! 


a ling baie ee 
this, feeing that we havealways an Equino dti- 
al Line in that Cafe. - fe Me 


Demonftration. 


The Plane [MD és the fame with the Plane 
SMD by Conffruétion, which » the Plane of the — 
Horizon ; therefore all this Operation.muft be con- 
fidered as made on the Plane of the Horizon which 
pales bythe Port ofthe StyleS, whereof {M à 
the Meridian given, or the Subjtylar Line , or {D 
is the Line of the Hour of Six, the Point fx the 
Center of the Dial , the LinefA ss the Inclination 
the Axis to the Subjtylar Linef M1; therefore it 
us that taking the Point A at pléafure for the Point 
of the Style, bythe Practice of the 11th Chapter 
the Line 9,4, {ball be the Equinoétial anfwering 
tothe Point of the Style, and by the Practice of 
the former Chapter the Lines{12, 1, 2, Ge. 
fhall be the Hour Lines on that Plane, which meets 
the Horizontal Line M H D, whichis alfoon the 
fame Plane by Conftruttion with the Points f the 
Hours which they defign ;therefore the Lines which 
are drawn thro thofe Points of the Hours onthe Hc- 
rizontal Line, and by C the Center of the Dial fhall 
be the Hour Lines ofthe propofed Plane, 


ey 
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Six Intervals of Hours following one 
. another being given, to draw all 
~ the other Hours. — ak 


Fig. 23. A let the Six Intervals of Hours 
. .. + ZA from C Ato CF be given, draw 
_ Eeparalleltoc ¢, cutting c Ain the Point A, 
CB in the Point B, C Din the Point D), Gc. And 
make À hequal to AB, A dequalto AD, Gc 
_ And from the Ceater C, and through the Points 
bde, &c. draw the Lines of the Hours that fol- 
low the precedent Hours, hom 
‘ Ifalfo you would have other Hours following 
the firft or laft found , you mult repeat the Ope-! 
ration in drawing another Line as Ee parallel to! 
that which is the laft of the Six- Intervals of. 
© Hours. LA ge ax LE LEE 
If the Dialhas no Center , you müft draw an. * 
_ other Line as fr parallel toE e , ‘om whith fing’ 
the Posnts of the Hoursas you found them on the 
Line Ee, andin joyning the Horary Points of 
the two parallel Lines E e and ft, you fhall have — 
the Hour Lines required. a 


Demon? 
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| If we imagine à Plane to pals by the Line E Ae, 


and which 7 parallelto the Plane of the Hour Cire. 


cle of the LineC 5, it is man fet rhat the Plane 
fhall be perpendicular to the Plane that paffes by 
E Ae, becaufi that the Planes of the Hoar Cir- 
cles CA, C5, are inclined to one another’ by a 
Right Angle, andby confequence the Axis meets 
not with the Plane drawn by E Ae, and it [hall 
beparattel to it, and all the Lines whioh are the 
meetings of the Planes of the Hour Circles sith the 
Plane that paffes by E Ae, fhall be all parallel to 
one another and tothe Ax. | : 
But becaufethe Plane that pales by CA as per. 


pendicular to the Plane by E Ae, the meetings of — 


the Hour Lines upon that laft Plane fhall be e- 
qually diflant by order from the mecting of the 
Plane drawn by C A: that is to fay, that the fre 
on one fide ball be asfar diftant as the firfl on the 


other fide , and that the fecond hour on one fide [hall 


be. as much as the fecond hour on the other fide, and 
fofolloming inorder; therefore the Line E Ae 
which js on that Plane, meets the parallel Hour 
Lineat equal diftance by order | both on the one 
and the other fide of the Point A, which awas to be 


demonftrated. 


Wve 


of the Hour Circle ahith pales by the Line C aby. 


| DRE 
We may conceive the Flane that paffesly E Ae, 
gs the Plane of a Dial which has no Center, 
upon which all the Hour Lines are parallels to 
one another and tothe Axis; and that the 
Hour Line which paffes by the Point A is the 
Meridian or the Subffylar Line of the Plane ; then 
aye may fee manifeftly that the Hour Lines that are 
~ anone andthe other fide of that which paffes thro 
A, areequally diftant from itin order | and by 
confequence if we draw a ffrait Line any way upon 
that Plane , the meetings of the Hour Lines both 
on the one fide and onthe other of that which paffes 
by À, {hall be at an equal DiftancefromA. 


D LUS 
CHAP. IV... 


To draw the Parellels of tbe Tieden 
SPAS OE | 


Fig. 24. Fri draw the Line fe and fa at 
CR Right Angles to it at the Point /, 
makethe Angles 4f/d, afk, each 23Degrees 30 
Minutes, andthe Angles a/f, afi, each of 20 
Degrees 11 Minutes, and the Anglesafg, afk, 
each of 11 Degrees 30 Minutes, the Line /a 
denotes the Equinoctial, which is the beginning 
of Arsesand of Libra; the Line (& denotes the . 
hon be- 
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beginning of Taurus and Virgo, fi the begin- 
ning ef Gemini and Leo, [k the beginning of 
Cancer, which is the Tropick of the fame Sign ; 


bn RP 
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fg the beginning of Scorpio and Pifces, ff the : 


beginning of Sagittarius and Aquarins, [d the 
beginning of Capricorn, which 15 the Tropick of 
the fame Sign. | pe RE 
… the Cexter of the Dial be towards the North 
in regard to the Pein of the Style, make fc e- 
we to SCof the Dial, which is the diftance 
between the Point of the Style and the Center , 
but if the Center’ be towards the South, in refpect 
of the Point of the Styl:, make fc uponc f pro- 
longed on the other fide of the Point [. 

‘Then to find the Points of the Parallels of the 
Signs upon the Hour Lines ; as for Example, On 
the Line ot Mid-day, you muft take the diftance 
S XII from the Point of the Style Sto the Port 
XII, whichis the Interfection of the Line of Mid- 
day with the Equinoctal,and fer it from [to 12 
Upon the Line fa, andhaving drawn the Line 


¢ 12 which cuts the Lines of the Signs in the — 


Points d, f,£, 0, 1,k,. then we'tranfport 


ithe Intervals 124,127, 12k, 12g) 12. 


124, inXIIH, XHI, XIIK, XIIG, XIF, 
XII D , onthe one‘and cther fide ot the Equine- 
Chal Line,as they are on the two fides of thé Line 
Fe by ee ' 


other Points upon each Hour Line, and likewile 
on the halves and quarters,or o:her Lines coming 


- And after the fame manner having found the. 


{rom | 
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But if we have not the Interfeétion of the Equi-: 
noGtial Line upon the Hour Line, on which yoy. 
would have the Ponts of the Signs, in that cafe. 
‘youmay have always the Center of the Dial ; 
therefore it itis,that having taken any Point, as R 
onthe Hour Line, and having made the Triangle 
cfr on the Bafe cf equal , and like to the ‘Tn- 
angle CRS onthe Bafe CS, and the Linecr 
being continued if it be neceffary, fhall meet 

with the Lines of the Signs in thofe Points, 
which being fet on the Dial, in obferving from 

- the Point C whichis the Center, the fame Di- 
ftances which they have from the Pomste, . : 

Butif we have not the Center of the Dial, we 
may alwayshavethe Equinoctial Line ; therefore, 

_ having taken (asfor Example) the.third Hour, 
on which we would have the Points of the Paral- 
lels of the Signs, thenhaving taken the Poist R 
at pleafure, and having mark‘d / 3 on the Line 

a equal to S III, which is the diftance between 
the Point of the StyleS, and the Point where the ! 

Lire of the third Hour propofed interfects the ! 
Equinochal Line ; onthat Line f3for the Bafe- 
Jetthe Triangle [ 3r be made equal and like to. 
the Triangle S HIR,which has S II] for its Bafe ; 7 
and draw 7 3 prolonged, which fhall interfect 

the Lines of the Signs in Points which are to be © 

> tranf- 
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transfered to the Line of the Third Hour, as we 


ES on 

Apart of an Arch of a Sign being given,which 
s Parallel to the Equator, we may defcribe that 
Arch by the Practice of the following Chapter. 
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ee CHAP. V. , 
The Eequinottial Line being given, we 


may araw a Parallelio it by a 


Point given on an Hour Lines 


L'ETÉ ‘THe Equinoctial Line A G is given, 

ea fo and the Hour Lines a A, PB,\C, 
D; Gc: which interféét the Equinotial in the 
"oints AB CD, cre. and the Pont P on one of 


he Hour Lines is alfo given, by which itis re- ~ 


uired to draw a Parallel to the Equator. 3 
“By the PointP, and by the Point A, on the 
quinoétial, the Point of the Hour next toB, on 
which is the given Point P, draw AP gan à 
OU wit 


Su d ce Pee Mae ue oe 
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frs the next Hour toPBat the. Point cs , ther 


draw c E, fo as the Points E and A may be € 


qually diftant from the Hott cC; the interfé: 
tion d of the Line c E with the Hour LineD 4 
fhall be one of the Poirts of the required Paral: 
lel ; after the fame manner we find another Poité 
Te ‘and fo of the reft. 
But here it is to be obferved , that if there 


be only whole Hours on the Dial! we fhal! not 


have the Points of the Parallel but for every 0: 


ther Hour ; and if we have the Lines of the 


half Hours, we fhall have the Points of the Pa- 


rallel from Hour to Hour, and ‘it. we-have.the 
Lines of the Quarter of Hours , we fhall have 


the Points of the Parallel from Half Hour ta 


Half Hour, and foof the reft: forif AP meet 


the Line of the halfHour [bat “the, Point f, ha- 


ving drawn f D fo as bD and 6A may. be 
equal , [D fhall meet the Hour Line c C at the 
Point K, which is as far from (bas P B, the Point 
K thall be one of the Points of the Parallel. 

If inftead of the Fquinoëtial Line we have one 
of its Parallels, that parallel being given, we 
do the fame thing ait 1t were the TANG EAE 


Line. 


|  Démonftration. 

_ The ffrait Lines on the Plane of the Dial reprefint 
great Circles of the Sphere,therefore it is that the tao 
great Circles ia Ks age by CA and by C E, which 
are equally inclined to the Hour Circle c C, becaufe 
that.C À and C E are equal, meeting PB and 
Dd, which are equally diftant and equally inclined 
toCc, inthe PointsP and d, equally diftant from 
the Equinottial Line B D, therefore P and d {hall 
bein one and the fame parallel to the Equator, and 


fo of the other Points, 


CHAP. VI. 


a Hi 


Zo draw the Italian and Babilonian, 


_ Hours upon an Horizontal! Plane. 


Fig. 26. "THe AftronomiqueHours being drawn 
Mn on the Dial whofe Center is C, and’ 
the Meridian C A and V A the Equinoëtial Line, 
: E being divided into two equal parts in A, let 


he Points 4, c,d,.e5f,g, 6, &c. of a Parallel to the 


Equator, be found on the Hour Lines by the Pra- 

stice of the fore-going Chapter, which Paral- 

el paflesby the Point A. qth. “ | 
: | 3 he 


e 
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The Line A 12 parallel to the Equinodttaly 

fhall be the Lineofthe rath Italian Hour. 
The ftrait Line VII, which pafles by the 
Point of the Seventh Hour imthe Morning of the 

_ Equino@ialjand by the. Poimt of the Firft Hour 
after Noonof: the Parallel, fhalkbe the Line of 
ther th) balian Hour... 0 | É 
. LA TRe ftrait Line ¢ VIH which pañlès by the! 
~ Pointof the Eighth Hour in the Morning-on the 
| Equinodtial Line, and by-the Pome of the. fe-! 
cond Hour after Noon of the Parallel fhall be the 
Eth Italian Hoar the ftrait Line d IX, which pat | 
{ès by the Point of Nine in thé Forenoon on the 
Equinoétial,and by the Point of Three in the Af= 
ternoon on the Parallel, fhallbe the 15th Italian 
Hour, andfo-ofthereft; therebemgalways Six | 

. Hours diftance between the Hour ot the Equino= 
étial and that of the Parallel. pe ee | 
The Babylonian Hours are mark’d after che! 
fame manner, but only that which is done on 

_ dné fide of the Meridian for the Italiaw Hours, is | 
made on the other fide of the Meridian for the: 
Babylonian Hours, and they are counted after an- 
Other manner ; as for Example, the ftrait: Eine. 
that pailss by the Point of Mid-day of the Equae. 
tor, and bythe Point of the Sixth Hour in ché 
Morning of the Parallel, is theSixth Babylonis 
aniHear ; that which pafles bythe fir Hour AG | 
ternoon on the Fquinoëtial., and'by the Poin of 
the Seventh Hour inthe Morning: om the Parali 

‘kl 2 thall be the Seventh:Babplonita Hour, re 
x : 


‘fo following » foas A 12 parallel to the Equator’ 
fhall be thé 12th Babylonias Hour tor the Horis 


NRC Deménftration. 
fee SEL y Wiebe hin Notaslial 4 
1 Fig.27, Uf we imagine « Parallel to the Equa-, 
tor, which paffesthro the Inter [ection of the Meridi. 
an and Equator , 10 evident that the Horizontal 
Circle fhall touch that parallel at the Point where 
the Meridian Circle cuts it ; and if we cinceive 
that the Horizontal. Gircle be faftened with the 
Parallel. and the. Meridian , then when the Me- 
ridian hath advanced 15 Degrees on the Equator 
in going actor ding to the Motion from the Eaft io 
he Weft.,. the Plane 7 the Horizontal Circle in. 
hat Pofition, jhallmark the frff kalian Hour on 
be Weft part , and the fr? Babylonian Hour on. - 
be Eaff part ; and then when it hath advanced t be 
legrees more , the Plane of the Horizontal Circle, 
hall: mark the fecond ltalian-and Babylonian Hour, 
nd fo on ; fo as then when it is arrived tothe 12th. 
dour, the Meridian Circle (ball be found in its firft 
-Ofition. . A it has made half a. Revolution; but 
be Horizon that cutsthe Plane of the Meridian at 
wight Angles, foal be found in à Pofition oppofite 
) that which it had at fir that a tofay, that if 
H be the watering of the Horizon with the Mea 
tan, S Cthe Axis ,.€E the Plane of the Dial 
arallel to theHorizon ; after that theMeridian bath 
alfed over 12 Hours of the Equator ,. or that ne 
a eee GC . 245 
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kel fhall bea Parabola. ’ 
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bas puffed over 12 Hours of the Parallel ; the Line | 
SH (hall fallin12S A: So asthe Anglex2 S C | 
fhall be- equal tothe Angle HS C ,therefore CS A | 
fhall be an Equicrural Triangle ; and fo allo the | 
Triangle S A E {hall be Equicrural, S E being the 
meeting of the Equator and Meridian 5 therefore | 
Si is equal tod C andA E both together ; therefore \ 
CAand AE areequal: But CE reprefents-the 

… Meridian of the Horizontal Dial, wherein C à 
_theCenter ; Ethe Interfection of the Equinoctial, | 
and A the Inter {ection of the 12th Italian or Babylo-" 
man; which muft be perpendicular to the Meridian | 
for in that Pofition the Plane of the Meridian ss re-_ 
turn dto its place, ahd the Horizon which bas not | 
changedits Inclination which it bas with the Me+ 
ridian remains abvays at Right Angles toit.There- | 
fore it {hall inter fect the Plane of the Dial in a Line | 
‘perpendicular tothe Meridian , the Plane of the Dis | 
al being parallel tothe Horizon in that firft Pofition, | 
* and that Line ought to pas ss the Point À of the 
Meridian , which divides the Line CG E into two | 
equal parts. JL \ Fc" NAT dl 

: If ove conceive a Cone which has for its Bafe the 
Parallel to the Equator H x 1 ,and for its Vertex the | 
Center of the Sphere, theSection of that Cone with | 
the Plane of the Dial, hall be the reprefentation off 
that Parallel, but the‘Plane of the Dial # parallel) 

~ toone of the Planes,wbich touches the Cone ; ‘there 
fore the Section or the Reprefentation of that Paralil 


# 
“ à . 
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And feeing that all rhe Planes of the Italian and 
Babylonian Hours are alfo thePlanes which touch 
that Cone, the Lines of thofe Hours {hall touch the 
Parabola which 1 inthat Sefion. 


GAP VEL ge 
To draw the Italian and Babylonian 
… Hours, ova Plane which uw not Ho: 
_ rizontal, | tue 


«Fg. 28.7 He Aftronomique Hours being de- 
DID 31 ‘fcribed , and’ the Horizon RH 
which is one of the Hours required, being drawn 
on the Plane of the Dial with the Equinoétial 


Line, we draw a Parallel to the Equator 4,b,R,¢, 


fe & which pafles by R the Interfection of the 
Horizon, with any Hour Line, asin this Exam- 
ple, with the Hour Line of Il, by the Pradice 
of the sth Chapter. And feeing that the Horizon, — 
which is the Line of the 24th Italian Hour,inter- 
es the Parallel inR, atthe Point of the Second 
Hour after Noon, and the Equinoétial Line at the - 
‘Point of the Sixth hour after noon the Line of the 
‘firft Italian Hour fhall pafs by. the Point e of the 
‘Parallel, which is the Third Hour atter Noon,and 
by the Point of the Equinoctial ; the Line of the | 

Second Italian Hour fall pafs by the Pointfofthe: 


2 Paral. 


an Hour of the Afternoon 


Parallel, which is the Fourth Hour, and by the | 
Point of the Eigth Hour on the Equinodtial Line; 
_ and {0 of the reft we find all the Points by which — 
the Italian Hours ought to pafs , fo asthe ‘Eigh-, 
teenth Italian Hour pafles always by the Point | 
of Mid-day of the Equinoctial Line, and by a | 
Point of the Hour of a Parallel, which fhall be | 
fo far from the Point of Mid-day asthe Point R | 
of the fame Parallel, which is the Interfection of. 
it with the Equinoétial Line, is the Point of the | 
sixth Hour after Noon, whichis in this Exew- | 
pleat. Four Hours diftance, fecing the Point R is | 


| Fig. 29. Butifthe PointR, by which the Pa- | 
_ fallel to the Equator is deftribed, were the Inter- 
fection of an Hour before Noon, we: muft con. 
fider that that Parallel ought to meet alfo the Ho- | 
_ ¥izonina Point ofan Hour, which isfo far from i 
_ Noon, asthatis by which we haye deferibed it si 
for Example, Ifthe Point R were the Interf@i- 
on of Nine inthe Morning wich the Horizontal | 
Line, the Parallel to the Equator defcribed by, 
the PointR, oughr to meet the Horizontal Line ! 
inthe Point H, which is upon an Hour Line, 
fo far diftant from Noon as is the Point R; thatis | 
_ tefay, that the Point H fhall be the meeting of | 
the, Third Hour after Noon with the Horizontal | 
Line;.and the Line ofthe 24thiralian Hour,which | 
45 an Occidental Portion of the Horizon, ought | 
fo betaken from the Point of the Third, Hour of 
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the Parallel with the Point of the Sixth Hour afte 
+ Noon of the Equator, and in counting as we have 
done before, we fhall find that the Firft I- 
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‘Hour onthe Parallel , and by the Point of the 
“Seventh Hour after Noon on theEquinodtia] ; and 
‘that the Line of the Second Italian Hour fhall pafs 
‘by the Point of the Fifth Hour of the Parallel, and 
by the Point of the EighthHour of theEquinocti- 
al, and fo on ; and we draw only thofe that are 

Vifible, forthe othersare of no ufe, and ferve 
Only to count and to place thofe which are of 
Meal Win” : 

… Thefe Rules ate for the Italian Hours, but for 

the Babylonian Hours,which have for the Twen- 

ty fourth Hour the Oriental Part of the Horizon , 

if the Parallel which is defcribed by the Point R 

of the Horizon, were the meeting of the Horizon 

with the Line of thé Ninth Hour before Noon, 
the FirftBabylonian Hour fhall pals by the Point 

of the roth Hour in the Morning of the Paral- 

lel 5 and by the Point of the: 7th Hour in the 


Morning on the Equinoctial ;, the Line of the Se- 


cond BabylonianHour {hall pafs by the Point of E- 
leven beforeNoon on the Parallel and by the Point 
of Eight on theEquino@ial,and fo of the reft; and 


f the Point R of the Parallel were the Poïñt ofan ve 


Afternoon Hour , we muft take its correfpon= 


lent before Noon to begin to count the Babylo- — | 


#7 * 4 Gi 


the Contrary of that 
3 whiéh 


_talian Hour fhall paf by the Point of the Fourth 


| 


| 
| 
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which we have done for the Italian Hours. 
~ We mutt obferve; that if we deftribe the Lines 
by the Interfe&tions of the Aftronomique Hour: 
‘Lines withthe Italian or Babylonian, in taking 
thofe Pointsof Interfeétion in order from the E- 

- quinoétial Line, thofe Lines fhall be the Paral- 
lelsto the Equator , which fhall meet the Hori- 

- gontal Line in the fame Points where the Hour 
_ Lines meet: F3 | 


Demonftration; 


After that which hath been demonftrated in the 

- afore-zoing Chapter , concerning the generation of 
the Italian and Babylonian Hours , it (uffices bere 
ra explain after what manner the Horizontal Line 
“meets the Affronomique and Italian Hour Lines i 
one andthe fame Point. : bite. 

It is cafe to fee that whenthe Horizonywhich we 

have fuppofedto befaftenedto the Meridian without 
changing its Inclination that it has with it , 5 
moved by the motion of the Meridian , that if the 
Meridian advanceth t5 degrees on the Equator ; 

_ alfothat Point of the Horizon , let it be what it will 
~ he, fhall advance 15 degrees on the Paral- 
Jel which that’ Point defcribes : Therefore’ if we de- 
fribe a Parallel to the Equator by one Point of the 
Horizon , by which Point paffesan Aftronomique 
Hour Line, it + manifeft that all the fame Hour 
Lines fhall divide that Parallelfrom 15 to Xs  de- 
‘evees : Therefore it is that all the Italian Hour Lines 

| | whith 
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Points of the Hours of the 


awhich ought to paf by the 
Equinoctial fe He allo pafs by the Points of the 
Hours of the Parallel; and it x allo manifeff that 
We may draw Six Parallels to the Equator by the 
fix Interfections of the Horizon with the fix Hour 
Limes 12,1, 2) 35 45 52 nd that the Italian Hours 
paf inorder by the Points of the Hours of thofe 
Parallels; andit alfo follows that all the re 
the Italian and Babylonian Hours (hall touch the 
| Parallel defcribed by the Point of meeting of the 
‘Horizon and Meridian , andthat all the Points of 


À Hours withthe Parallel, andthat there will be al- 
ways: fix Hours. Interval . between the touching 
Point upon the Parallel, and the Point of meeting of 
_ the fame Hour upon the Equator ; for the Plane of 
_ the Horizon touches that Parallel at the Point of 
Mid-day , the whith Point deferibes the Parallel. 
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touching {hall be the meeting of the Affronomique 


Lo continue the Deferiptio n of the Itale- 
| at and Babylogian Hours, when the 


alin NA ut tadthwa, ls int ods diigo ang 
4 Fg28. YF thePomt 4 bethe laft:thatisfound 

hat theParalleliby means of theEquinoctial — 
Line, following the: PraQice' of the sth-C bapter of | 
“this Second: Partjand vhat:theLine Alibbethe laft | 

Ttalian, Hour which we can mark byhelp ‘ofthat | 


…, Parallel or the Equator: ss 
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Parallel, that Line 4 III fhall meet with fome A- | 


{tronomical Hour in fome Pointas#, if by the : 
Praéticeof the Fifth Chapter of this Part we find : 
the Points 2# 0 of the Parallel which paffes by 7, : 


_ and ifthey be onthe Hour before or after that,on | 
whichis the Point #; wecontinue to draw the | 
Lines of the Italian or Babylonian Hours by the 


| Points Of the Hours of the! Parallel #90. 


VE 


following the fame order as before , andif the E- 


_ guator be wanting in ufing the Practice taught . 
_ at the end ofthe sthChapter, we fhall find the — 
_ Points of another Parallel by the Parallel that is | 

fe | given, 


and . 
_ by the Points of the Hours of the Equator, in 
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| ‘given, and then we may joynthe Points of the … 
| Hours on the two Parallels in following the for- _ 

mer Order. | | | a 
DIMM to W | 1 


| There ss nothing in all this that deferves any long 
IN Explication, nor any other Demonffration, than 
| that we bave given in the Tayo fore-poing Chap- 


‘ "CHA P. IX. 
| Four Aftronomique Hours being given, 
|, following. one another an order, with 
|: the EquinoctialLine.: 

| Do find the other Hours. 


: Fig. 30. Fo Ec the four Hour Lines following 
Bly one another be A 4, Bb, Cc, Dd, : 
with the Equino@ial Line EF; froma Ponts, : 
_ taken at pleafure in one of the laft Lines A 2, 
| having drawna D which cutsBbinB ; and Ce 
ing; alfo by the fame Point 4 having drawn 
a C which citsB bin b ; let A bbe drawnwhich 
Meets Come, and Bg which meets Dd in d: — 
Tet cb, cd be drawn prolonged to the Equinocti- ~ 
al Line to the Points E, F, the Hour LinesEe, 
Ff, drawn by the Points E F, fhall be the Hour 


i? Lines: 


+ 
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i Eines required ; whereof £ e fhall-be diftant frapal 
- AaoneHour, and Ff fhall be, two Hours from | 
Dad: T herefore B D being prolonged to.f in the. 
Line Ff, and Fdto/, inthe Line Bb, having 


~ Hour Line M m fhall be. ee. the two Hour | 
_ Lines D dandFf, and thefe Seven Hour Lines 


ice of the Third C bapter. 


_ Horizon; for Example, If we have three Hour 
Lines a 2, 5 3, and c 4, and the Equinoétial Line | 


which cuts 6 3 in d, and having drawn 2 d which 


*, guinoétial in the Point ¢ g,whichi is one Point of the | 
 Hour.as far from the Hour b 3,as isthe Hour Line | 


a drawing g c,which cuts 42 ink, and 4/ & which | 


wii ok i 


drawn Cf which cuts Ddtini» Ji prolonged | 
fhall meet the Equinoétialin M, by which the 


being found, we may haveall thereft by the Pra- | 


he 21. Thereare many Cafes ee Three | 
Hour Lines are fufficient with the Equinoétial and 


24, and Horizontal Linea c, having drawn 44, | 


cutse 4imf; draw 2.¢,which cuts b 3 ine,and 4e, 
which cuts 42 in b; then eoughta ftrait Line to paf | 
by the three Points fba, which fhall meet the E- | 


of Six: T'herefore if the HourLine be be the fourth | 
Hour, aA. fhall be the third, and g  thall, be the | 
fecond ; but in this Example, ‘be being the third | 
Hour, € i hall be the 12th Hour. | 

The frft Hour between 12 and 2 is found by. | 


cuts the Hour Line gt, which ‘was drawn. by | : 
the Point g tothe. Point 7, and in drawing 27, 
which 


pit ; 


[1 \ x ae RAT 4 2 ÿ ae + mes VE y Y PU rast if La a QU A TN ie (gd Là 
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Bemonitration: 


” By that which bath been demonftrated imibe 
SthChapterit w manifeft that the Points à and c 
| are in the fame Parallel; allo that the Points b 
| andd arealfoin thefame , therefore the great Cir- 
cles that are reprefented bythe LinescbE, cdF , 

are equally inclined tothe Equator , the one 6n one 
| fide , and the other on the other, but cO¥ has the — 
- fame Inclination as a DD, becaufe of the equal 
parts of their Parallelsac, bd; and there % afpace 

| of three Hours betivees cC and F, and between 

| e@C andE; therefore the Hour whith pales by the — 
Point E us the next tothat which palles bythe Point 
A, but there are two betaveen the Points D and F. 
By the fame Conftructionthe Points | and £ are 
| sn the fame Parallel, but £icand li M reprefent 
| great Circles equally inclined to the Equator , be= 
| caufeof the Pointsland £ which are in the fame 

| Parallel, and equally diftant from the Pont 1 ;there- 
fore DC and D M reprefent equal parts of the 

* Equator, which are each of them an Hours diffance 

… from one another. — a | 
| As concerning that which w of three Hour Lines, — 
- feeing that by Conftruttion the Points a and {are in 

… the fame Parallel, and likewife bh and c, the Lines | 
— $handac which a the Horizon, reprefent Cir- 
cles equally inclined ta the Equator , therefore there 
28,2 
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#4 @s much diflance betiveen the Point of the Hour 
of Six upon the Equinottial and the Hour Line be, 
a there is between the fame Hour Line be and. 
the Point g. We demonftrate as before that the 
Point n divides the interval between the HourLines 
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ADial being given which is already 
drawn , to find the foot of tke Style 
. sohich ded ferve to draw it, and to. 
determine ibe beigbtb thereof. : ca 


Fig. 32.T He Line A Bis the. Equinodial — 
Me Ua Line, and the Diftance AB on 

that Lineis the Interval of any fix Hours ; having 
… divided A B into two equal parts inthe Pot G , 

from the Point G asa Center ; on the Diametér 
AB defcribe the Circle A,S,.B, d, fs. and mark 
_ the Ponts d and f which divide the Semicircle ins 
_ tothree equal parts; AF,F D and DB are each | 
the Interval of two Hours on the Equinoctial — 
Line: the Lines dD, fF ought to meet the | 
 Circumference of the Circle at the Pois S and 
the Line SEP drawn perpendicular to the Equi< 


bs ; 


_ noétial Line fhall be she Subflyle, 
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_. If wehave C the Center of the Dial, on the ; 
Diameter CE, having defcribed the Semi-circle 
IGZE » and. having applied init the Line E Z 
equal to ES: ZP being drawn perpendicular 
totheSubftylar Line EP, and mectingit at the 
Point P , that Point fhall be the Foot.of the 
Style , whereofP Z fhall be the heighth. LE 0 
| Butif we have not the Center of the Dial has? 

‘ving drawns e parallel! to the Equinostial, and 
from the Point a having drawn a f parallelto AS | 
‘which meets the Subftylar Line inf, fromthe. 
| PointE asa Center and Semi-diameter E S,deftribe 
the Archz, and from the Point e as a Center and 
| Semi-diameter ef defcribe the Arch x, and draw 
the ftrait Line xx which: fhall touch the. two 
| Archesx andz, and that Line x x fhall deter- 
‘mine the Inclination of the Axis to the Subftylar 
se » and having drawn E x perpendicular to 
|*% from the Point E, and from the Point z 
the flrait Line x P perpendicular to the Subftylar 


Style, whereof P Z fhall be the height. 


Demonftration. 


Tae fuppofe the Circle AS Bd to be on the 
‘Plane of the Equinodtial,.. it xs manifeP that thé 
Point. of she Style ought to be one of the Points of 
the Circumference of ‘the Semicircle AS B;%be- 
| Ses caitfe 


x 
| » 
{ 

ily 


Line EP, thé Point P fhall be the foot of the 7) 4 
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 catfe the fix Tatervals of Hours that ave on the. 
_ Equinottial from Ato By, forthe Angle AS B, in. 
what place faever the Point S is, ought to be a 
Right Angle: And alfa the Lines drawn fom that» 
Pomt S tothe Points of the Hours of the Equinocit-— 
ab Line , ought tocomprehendequal Angles each of 
15 degrees in the fame Point S ; thereforethe Arch- 
es AY, fd, and à B being each of 60 degrees, 
fhall [ubtend Angles of 30 degrees, which are each 
tn value tivo Hours, and confequently the Lines £ F\ 
and d D fhall be Hour Lines on the Equinottial ; 
therefore they meet in the fame Point S upon the! 
Circumference of the Circle which determines the! 
Point of the Style in refpect of the Equinottial, and! 
the Line S E drawn perpendicular to the Equinodial | 
Line , doth there gsvé the Point E which # one o 
the Points of the Subffylar Line ;*but the Subjty- 
lar Line ought tobe perpendicular tothe Equinoéti- 
al Line; therefore thefame ftrait Line S E P {hall 
- be the Subftylar. =. | 
The Axis ought to make a Right Angle with the 
Plane of the Equinoctial , therefore the Line ES 
which is equaltothat which ought to meet the Axis 
onthe Plane of the Equinottial, ought to make 4: 


' 


Right Anglewitb the Axis. eee | 
Therefore tf we have c the Center of the Dialsand,, 
> sfove deferibe the Semi-circleC Z E, applying EZ 
equal.to E S in that Semi-circle, it is manifeft that | 
CZE fhall bea Right Angle, and-that the Line 

C Z reprefeuts the Inclination of the Axis to the Sub- 
fiylar LmeCE , and that the Point Z on | 
; 11472 
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the Point of the Style which bas ferved to draw Be 


Dial: Therefore Z P which is drawn perpendicu- 
lartoCE, {hall bethe height of the Style, 2vbercof 
the Point P {hall be the foot. ae | 
But if we have not the Center of the Dial, it 
2 manifeft by Conffruétion that the two Lines ES 
€ having one of their extreams in the Points E e, 
the other will behadinthe Axis, if the Line that 
joyns the tao laft extreams be perpendicular to thofe 
tovo Lines which ought to be parallel: but it is allo 
| evident that the Line x z vhich touches the tayo 
Arches of Circles which have for their Semi: diame- 
ters E Si ef, fhall be perpendicular to the tayo firatt 
Lines Et, e x, which come from the Center to the 
touching Points; therefore the Line x2 gives the 


Inclination of the Axis tothe Subjftylar Line, and 


the Line. P drawn perpendicular to the Subfty ke, 
Shall determine tke height of the Style , whereof r 
foal be the foot. © fit ake Oh galt 
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To place the Axis. ned 


f we would have the Hours fhewn as by the’ 
fhadow of the Point of the Style , we ought to 
make and to place the Style after fuch a manner 
as may ferve without changing of it. Loos 
We may giveit divers forms, but one xs the 
belt i is, to make it waved to theend, that the Sha- 
dow thereof may not unite with the Hour Lines » 
in any place, and that wé may always know that. 
itis but only the Shadow of the Point that ferves 
. tofhew the Hours. 
But if you would have a portion of the Axis to 
_ : fhew the Hours, and that the Axis be reprefent- 
… ed by an Iron Rod, the Style we have placed 
ought to have thePoint very {mall,that it may en- 
_ ter into alittle hole madein the Rod , fo as the 
Point of the Style may exactly anfwer to the mid; 
dle of the thicknefs of the Rod; the Style may 
remain, if you would have it , to fup port the 
Axis ; butifthe Axis be not very long, and if 
it be pe ftrong enough to füftain it felfalone being 
| faftened © 
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faftened at one end, we may take away the 
Style when the Axzs is fixed on the Surface of 
the Dial. We thay do the fame, if we faften to 


theend of the Style a Point of an Iron Wyër) : 


which there may be very {mall, and may take 
away but the half of thethicknefs of the Rod, 
fo as the Dial being drawn to that Poinr, there 
is nothing to be done but to take it away to 
place the xis, whereof the middle of the 
thicknefs ought to anfwer to that Point ; there- 


fore whether the Style remains to uphold the — 


Axis, or whether we take it away when the 
Axisis fix’d in its place; we mutt faften it to 
the end of the Style to ftay the end thereof, 


which ought to anfwer to the Center of the Dial » 


if it have any. 


© Fig. 33. We may make the Rod whichferves 
for the Axis as itis marked in the Figure , fo as 
the hole fignified by A may be made to lodge 
the Point of the Style | and that it be letin as 
far ag the middle of the thicknefs of the Rod, the 
Point B which anfwers alfo to the middle of 
the Rod, ough: to be applied exactly tothe Cen- 
terof the Dial, this Rod being fo flayed at the 


Point Band at the Point A, we muft faften the | 


Foot C onthe Plane of the Dial. ; 

~ Butif you would not have a Foot to the Axis 

as G, and that you would only fix the Rod to 

the Center of the Dial, you muft draw di- 

vers Lines which may pafs by the Center of 
| H the 
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a “the Dial, and ftay the Rod on the Point of the 


i 


: _ Style A, and by any other place, fo as the end 


may enter ina hole made in the Plane of the 


Dial at the place of the Center , may be divided 
bythe middle of its thicknefs by each Line that 


pafles by, the Center. 


_ Fig. 34. Alfo we may make ufe of a thin Plate 
which muft be cut according to the Inclination 
of the 4Axzs with the Subftylar Line; it muft be 


a fet perpendicularly on the Plane of the, Dial, in 


i en the Plane of the Dial, 


. applying one of its fides to the Subftylar Line, 
and the other fide paffing by the Post of the 


Style fhall ferve for the Axis. Ifyou would draw 


onthe Plate a perpendicular Line to that fide of 
at whichis applied to the Subftylar Line , and 
* equal to the height of the Style, the which fhall 
_ “reprefent the Style, foas the end: of that Line 
meet with the other fide of the Plate, that Line 


when the Plate fhall be fet in its place , fhall an- 
fwer to the Style, See here divers. Figures of 


_ thefe forts of Plates with their feet to faften. them 


| CHAP. 
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CHAP. XIL 
To Draw Dials £y Reflection. 


“the Reflection of the Light of the Sum, you 
. muft make ufe of a fmall piece of polifhed Met- 
tal very even and flat; of a round form, and of 
and having placedit, and faftened it in a place 
very ftable andimmovable, we mark the Points 


of Light onthe Plate where we intend to draw 


the Dial , which ferve inftead of the Points of 
Shadow,the middle of the Mirror or Glaf ou ght 
to be confidered as the Point of a Style, whereot 
we find the foot in drawing from the middle of 
the Glafs a Line perpendicular to tht Plane of the 
Dial, the Point where this Line meets with the 
Plane of the Dial, fhall be the Foot of the 
Style. edie 


ridian by the practices, where we make no ule 
of the Horizontal Line , nor of the height of 
the Pole, | 


ad) Having 
12 


T° ERA fhew the Hours by 


abont an Eighth part of an Inch in Diameter; 


_ We may find the Subftylar bine the Equi- — - 
noctial Line, the Center of the Dial and Me- — 
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© Point where the Meridian Linéinterfe@sit, we _ 


Wee und the Equinodtal L Tike pe cad the! oe 


it 


_ draw the Hours, following the Methods of the | 


Second Part of this l'reatife. 


Hereic is to obferved that if the Inclination of 


. the Glafs be never fo little changed , all the 


- Dial will be confiderably changed. a hatefore 


thefe forts of Dialsdo very hardly remain many ‘| 
years in a good condition; for there always — 


happens fome alterations to the Wall on which 
they are Ext. , 

Butit in place ofthe Glafs we fill forte {mall 
Veflel either of Glafsor Potters Earth, of about 


an oo in Diameter , with Water or Quick Sil- - 


ver , that Veflel being put upon a place marked 


on Due pe ranfüm of a Window or the like, fo as 


- you may alwaysfecitin the fame place again, if 
you Nauldtakeit away, the Refle@tion: of the 
“Light from the Water or Quick. Silver , fhall 


give the Hours on the Dial of which we muft | 


dk iw the Lines, as has been taught in the Firft 


and Second Part of this Work, in obferving on- 


_ ly that the middle of the Super ficies of the Water 
or Quick Silver, ferves for the Point of the Style, 


and that the Operations which are made on the © | 
| Horizon below for the Dials, which gives the 1 


Hour by'theShadow ofa Point , ought to be 


made on the Horizon above, ine that. which is :. 
vide. above in thofe Dials >in thefe Dials to | 
: be made pons a 


CHAP. 


he COMAP:XUI. 


Ca:erning the Table of the Suns De- 
clination, and of thofe of the Diff e- 
rence of Meridians of divers conft- 

 derable places in refpeëf of Paris. 


TE Tables of the Declination of the Sun 
which are at the end of thisWork, is calcu- 
dated for the Meridian of Para, and for each 
day at Noon, on the fide are the Differences be- 
tween the Declination of one day and that of © 
the nextday following ; they are made for Four 
Years following one another. The Firft Year _ 
begins in 1681, whichis the Firftafter the Bi/- 
fextile or Leap Year , the Second is the following - 
Year 1682, the Third is 1682, andthe Fourth 
Year 1684 , is Biffextile or Leap Year. 
» Then afterwards there follows a Table of the 
Differences of Meridians of the principal places. 
of the Earth in réfpect of Pars 3 it is calculated 
in Hours and Minutes, and it ferves to findithe 
Declination of the Suz in all thofe places at any 
Hour propoféd. There is alfo another Table 
whichis joyned tothat, in whichwe may find 
| H'3 7 UMe 


x 


re 
L2 


sy 
” 


© the Patric of Aeieke of the Pole of the fame 


P following Calculations, from each Day at Noon, 
and continue it to the next following Day at 


_ To continue ee Tables of the Sung 


és JPY you would have the Lo of te Sm 


ÿ nute for 22 MinutesofDifference, half a Mi-' 


a Minute for 3 Minutes of Difference and fo of 


PP TOA Ieee Sa NS REA ee, ee ONE 


[roi 


laces. 


We begin the Days in thefe Tables and in the 


Noon, and we countthe Hoursto 24, foas the 
Third Hour in the Morning of any day pro* 
pofed, is the Fifteenth Hour after Noon of the 
preceding day. 


RULE I. 


- Decimation. 


for the Yearsfollowing thofe that are calcu-. 
lated, you muft add to the Declination increafing 
of each day, and fubitraët from the Declination 
decreafing after Four Years fully paft, one Mi- 


nute forr6 Minutes of Difference, a. quarter of | 


iia reflin proporti on, 


Exame 


: "Example. sage 


Vals you would know the Declinarionsaf thie Ses 
for the 5th of Sanuary at Noon for the Year 


ug 


tile or Leap Year, andisth£ Fourth that follows 


to the Year 1681, whereof we have the Cal- 


culationin the Table, I find that the Difference 
between the 5th and 6th of ‘Fanuary X68T, is 
12 Minutes, and the Declination is decrea- 
fing; therefore I fee that there mut be fübftra- 
Sed about : of a Minute from the Declination of 


the sth of fanuary 1681, the which is 20 De- 


grees 58 Minutes ; and we fhall have 20 degrees 
57 Minutes } forthe Declination of the Sus the 
sth of Fanuary at Noon in the Year 16857; if 
there be Eight Years pafied between the Year in 
which you would have the Suns Declination,and 


that whichanfwersto itinthis Table , that is 


tofay . that which is equally diftant from the 


Leap Year, you mutt double this Correétion ; if 


tbe 12 Years, you muft triple the Correction, 
ind fo forth. | | | 


Ha RULE 


ileal — 
es 
* 


1685, which is the Firit Year after the Biflex- 


_ 15thday of Marchat 4 a Clock inthe Afternoon 


To fn the Declination of the Sun æ 


Hair found in the Table of differences of 


“given Hours, which we add to the Declination 


Difference between the 15th and 16th day is 23 


_ minutes and ! > (tor there is fometimes 24 minutes 
. and HN 23 minutes) and the Declination 


RULE IL 


all Hours cf the Day. | 


the Suns Declination , the difference of the 
Declination of the Sun between the given Day 
and the next following Day , take the part pros 
portional of that Difference anfwerable to the 


of the fame Day if itincreale, but fubftract it if 
it decreafe. 


Exemple. 
As to know the Declination of the Suz on the 


for the Year 1683 , I find in the Table that the 


ofthe Sun for the 15th of March at'Noon in the 
fear propofed 1683, being 1 degree 59 mi- 
“nutes , to whichhere muft be added the pro 

portional 


5 
al 


‘atonal! part of ite Difference pein oie 
is the fixth part of 24 Hours ; therefore you muft — 
take the fixth part of 23 m inulesand:! +, which 
is about 4 minutes, which being added to the 
Declination found I degree 59 minutes, be- — 7 
‘caufe the Declination increafes, and we fhall Nu 
have 2 degrees 3 minutes, the Declination ins 
creafng on that Day at the required Hour ; but 
_ if the Declination were decreafing , we mutt fub- 
ftra&t the part proportional of the Declination 
found in the Table. | 
- Thisought to be underftood of the Declina- 
“tions of the Sun for the Meridian of Paris, as 
we find them in this Table, but for pepe ~ a 
_ places onthe Earth, they are to be reqices ac- 
_ cording to the following Rule. 


RULE IIL 


To hnow the Declination of the Sun at 
. a given Hour in any EF sens that wfet — 
duwn in the Table he 


TE Table of Differences of Manders of 
places which are here fet down in refpect 
of ae with the word add or fubftrati fhews 


how 


ÿ y 
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how mich later or fooner itis Noon at — 
thant that place ; the chief ule whereof is to. 


Parss 


know, the Declination of the Sus at a given 
' Hourin any place fet down in the Table: 14 
| Therefore if you would know the Declinati-. 

on of the Sys ata given Hour in any place that. 
_isinthe Table, you mutt find the Difference 
of its. Meridian in refpe& of Pars, and joyn it 
to the given Hour, if there be add after it, and | 
if theSumexceed 24 Hours, we take the over-_ 
_ plus in the next following day to that as was 


given; butif there be found (abfrad , we take 


that Difference of Meridians from the Hour pro= 
… pofed ; but ifthe Hour be téo little, add-a4. 


i 


Hours to it, and then fübftract, and the re- 


mainer fhall be attributed to the fore-going | 


Day. 

Having therefore found this Sum or Difference 
of Hours, wefind the Declination of the Sun 
for that Hour at Paris by the Second Rule, and 


- you fhallhave that which you require for the 
| given place. 


Example, 


IE we would know for Rome the Declination / 


of the Sun for the 22th day of Auguft 1682 , at 
4a Clock in the Morning. i 


1 Morning , Ireduceit to 16 Hours after Noon … 
onthe ath day of Auguf, and having found in 


Firft, Becaufe the Hour propofed is in the 


the 


ft git 


eA r { 
DUAN wah Le 
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the T 


able of Differences: of Meridians, that for 
Rome mut fubftract 47 minutes, therefore ] — 
take 47 minutesfrom 16 hours, and there re- 
mains 15 hours and 13 minutes after Mid-day 

onthe 2 1thof Auruff 1682; and bytheSecond —— 

Rule I find that the Declination forthat day and | 
that Houris at Paris 8 degrees and 1$ minutes, 
which is that which was required for 4 a Clock 
in the Morning the 22th day of Auguff 1682 
at Rome, + aye | 


Another Example, 


It you would know for Peking in China the 
Declination of the Sunat 24 Clock in the Morn- 
ing onthe 25th of Fuly 1684. | 

_ Firft, becaufe the Hour propoféd is before 
Noon, I reduce it to the fore-going day, which 
will be the 24th of y at 14 Hours after 
Noon, and I find inthe Table of Differences of 
Meridians, that for Peking I muft füubftraét 7 
hours 45 minutes, the which being fubitracted 5 
from 14 hours, there remains 6 hours 15 mi- bh 
nures ; therefore Ifearch by the Second Rule the = 
Declination of the Sun for Paris on the 24th 
of Fuly , at6 a Clock 15 minutes after Noon, à 
inthe Year 1684, and I find 17 degrees, and 
about 1 3 minutes which istheDechnationof the 
Sun for Peking on the day and hour propofed. : 
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Another Example. 
I 'would know at Quebec the Declination 
the Sun on the 25th of March 1683, at ro a 


Clock inthe Morning, which being reduced, 
_ Willbe22 Hours after Noon on the 244 of 
March, andI find inthe Table that I muft add 


for Quebec 4 Hours 36 minutes, therefore we 


have the 24th of Marchat 26 Hours 26 mi= 


Year 1683, [find the Suns Declination to be ¢ 
degrees and about 30 minutes, which is that for 


Quebec on the day and hour required. | 
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An ADVERTISE MENT 


concerning the Figures. 


{Ere you muft obferve that the Dials drawn 
in thefe Figures , are not made exprefly for 
y place ; for it isimpoflible to make the Mag- 
rude of the Taines which we muft ufe equal to 
ofe that are here drawn: we ought only to fol- 
w tkePrecepts, and not to meafure with the 
ompafles the length of the Lines, to fée if 
ey agree: For Example, altho we fay make 
e Line af equal to AS, yet thefe two Lines 
e not equal in the Figure, becaufe that fome- 
ines one‘of the endsof the Line ASasS being 
Point of the Style wh‘ch is not in the Plane , 
é apparent Magnitude of that Line is not thé 
ue Magnitude , and it alfo happens often-times 
at the Lines of the Figure anfwers not among 
emfelves according to the Difcourfe which was 
one to order the place of the Figures: itis (ufh- 
ent to obferve well after what Manner, of what 


Mag- 


Pe ag 


Le - au to as HER in sie rt += 
that ic is almoft impoflible to meet with 

_ like Dials among a great number which we mal 
on the Planes propoled,as i it is found ordinarily, 
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TABLE 
: oF ihe Dites of Meridians 
Of the mote confderabe Places 

In the whole World 1 
an refpeét of PARIS, 


With the Height of the Pole or 
Latitude of the fame places. 


The Differences of Meridians. _ 2 


Names of - Differences of Height of the Po 
places. - Meridians : or Latitude 
H. " D. Myimses 
Abbeville o add 1/50 oNor 
Agra 5 “SO (Ubi (28: ome 
Atz Prov. Oo I4 1430 33 
Aleppo 2 $0. 436 46, 
Alexandria Æ.|2 ‘13 °°" |30 58) ” 
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Angers o a1 add 147) 32 
Antwerp o xg fubft, |Sr 12 
Arles _ Guar i 43.36 | 
Arras; OMB Cie [grits er} 
Archangello |2 49 65 30 
Athens boas. _: 7 40 
Avignon OUREr 2) 43 52. 
Bayonne _|o is add | 43 30 
Blois DU 3 47 46 
Bordeaux o 10. $4 9 O° 
Bourges CE LT 47 LEO ei 
{Boulogne I, |o 40 fubft: | 44 46: 
Bret o 28 add |48 23 
Bruffels o 19 fubft.l 50 48 
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The Differences of Meridians. - 


Names of | 


Differences of 


Places. : Meridians 
ee TH M. | 
Florence __|o go! fubft. 
Francfort M.lo 27 
| Fribourg do 25 
[= a 
Gaunt oO : 6 
| Geneva pk a 
‘Goa l4 58 
Grenoble. |©. a5 
Fambourgh jo 34 
Havre de Gr.lo 8 add 
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Hifpaam, _|4 16 
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The Differences of Meridians. 
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_ | Differences of | Height of the Pole 
/- Names of Meridians or Latitude 
Places. D. M. D. M. 
Macon. o Ix fubft.} 46 20 
Madrid o 25 add | 4o 10 
Malta o §3 fubft.} 35 40 
Malaca 6 45 2.420 
S. Malo o .18 add |48 39 
Mantove o 37fubfi.| 45 1 
Marfeillegp o I 430: EE 
Martinique 4 a5 add |14 14 
o 2 fubf.|48 56 
o §8 38 25 
P59» - of 49-49 
7 $8 add |20 390 
o 31 fublt.}45 15 
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‘eee 43 39 
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_* Differences of Height of ths aa 
Meridiaiss or Latitude i 

H. M. M. | 
os fubfelisr 16 
0 2 add 47 54 
40 fabftei27  3ç- i 
One 48 gr } 
o 36 fubft.|44 45 | 
DURS 44 65 : 
os “qi 45 3f | 
700. 49 oO 
Oo subis 4 ‘s2 SR 
2 $7 add | + 4oSouth}} 
o 44 fubit. 42 s6North} 
o 238 43. geo 
ME à 44 53 

o 6 add pa 7 
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o 82 fubft: | So gor | 
4 36 add |47 0 

0 66 fubft.|49 46 

10 16 add [47 ‘58 © 

lo 9 fubft.| 49 12 
I .31 56 52 
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. The Differences of Merid 


ians.- 


| Différences of Height of the Pole 
Names of — Meridians or Latitude 
*. Places. H M D. M. 
Rome o 47 fubft. 41 54 
Rouen |o 4 add 49 273 
Saintes o 1x! add |45- 38 
Savone o 28 fubft.|44 18 
Sienne O AI 43 II 
Siras 3 42 34 «14 
Smirna 2 56 38 22 
Strasbourgh |o 24 148 31 
Stettin 0 54 . eae 
Stockholm |I 7 59 30 
Tangier o §6 add | 35 25 
Tholoufe ee ae Ae A 

Toleda o 26 39 S2 
Tours o 6 147 35 
Tournay o $ fubft.| 50 32 
Tutin QUES 44 9 
Toulon © 17 43 à 
Valencienne jo | 4 fubit.|ço 20 | 

Verdun o 38 45- 33 

Vienna Le. 48 22 
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SERERES Somes 
1 ADVERTISEMENT. 


i Have begun to travel for the Impreffion of an | 
il intire Work of the Conique Seétions, where 


E you fhall find not only all the moft excellent 
things has been difcovered inthis patt of the 


Mathematicks, but alfo a great number of new. 
Properties which I have difcovered , and where- 
of I have publifhed every one upon different 
ecCafions.. | 
__ The Method of the Principal Demonftration 


» is particular tomy flf, and I have ufed it to a- 
bridge very much this whole Work; I have : 
_ given an Effay of this New Method, which I 
_caufed to be Printed, concerniag the Conique 
| Seéfions in the Year 1675, 


See here in few words the order of thefe 


. Books and what they contain. 


The Firft Book contains the Lezwma’s that are 


neceflary for this Method. 


| 


ve 


à 
L 


ee. de 


ee = 


- nome ENS nés De fu. 


Ss 


The Second contains the original of the Three 


_ Conique Sections, with the Properties of their Dia- 


meters , and all that which depends on a Line 
cut harmonically or into two equal parts, the 
original of the Afymprotes | and in the end di- 
vers Problems depending on thefe Principles. 


The 


SOROS Cage cent gear du 


| The Tied as de A a: j 


Bajes Circles of all thefe kinds ; and then ha- 


Lines to their Diameters , with the ‘Bedeangles 


of the parts of the Diameters, Parameters , and 
_ that which concerns the T'angents. - 


The Fourth makes that appear which is moft 
confiderable touching the A/ymptores. 

The Fifth Book is filPd with near! 45 ‘moft 
curious Propofitions upon the Conique ‘Settions, * 

In the Sixth Book is treated of equal and 
like Sections: 

The Seventh is Aled all-along on that 


which is called the leait and greateff. 


The Eighth treats of the Foci of the Three 
Sections. 

“In the Ninth Book is taught certain, Bof 
plain , and moft ufeful Methods for the De- 
feription of thefe Sections. 

Then I fhew you in an Appendix ut what 


_- manner we ought to refolve the Conique Secti- 


ons that have for their Bales, Paraboles, Hyper- 
bolesand Elipfes , and alfo all Cvlindirs of the 


fame Species. 


‘Afterwards I demonftrate tit by the Eine 
Methed , and without difficulty, we may de- 
mionttrate all the Properties of the Comique Se- 
éfions of whatfoever compounded kind they 
are, I draw them from their Comes Of Pyra- 


mids, which diftinguifhed by Cones of the 
“fr kind, of the fecond kind, of the third 


kind, ec. Thefe forts of Cones have for their 


ving 


_ plainin the {ame manner that which: is the Se- 


O7 


Las 


… ving explained after what manner we may render _ 


all the Lemms’s of the firft Book univerfal, I ex- 


cond Book, and ia one part of the tollowing the 
Sections of all Cones ofany kind. 
The Demonftrations are the fame as for the Se- 


‘tions of the firft Cone, which is that which has the 


- Circle of the firft kind for irs bafe : After that I 


fee not any thing that we can defire more univer- 
fal, nor more eafie on this fame ere, 


_. The Approbation, ! 
"A Hu Treatile of the Gnomiques , 
OÙ oo the Art of Drawing of Sun 
Dials , compofed by Mr. De la Hire, 
~~ hath been vead to the Affembly of the 
. Academy Royal of Sciences, made 
the 9th of May 1682. oe 


Jj. B. Du Hamel Secretary of the 
Academy of Sciences. ES 


i 


He Approbation feen, per- 


© A mitted to be Imprinted, 
__  madethe 23thof May 1682. 
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1 for Drawing Sus- Dials on Fined Planes | 
S. isuniverfal, ‘he Jyfriemenrs that are 


tifed 6 perform the Pnaethice thereof are only a a 
Plan Scale anda Pir of Compaffes for fin ding the 


Subfyer and Eruinoéfisl Lives on the given 


Plane, with the fituation of the Axe of the Style 
in re{pectof the faid Plane, the Obfervations bes — 
ang made bythe Sws from feveral Shadctzis ofthe . 
Poimol a Fined StyJe fetuponthe did Plane And # 
by a Level and Plus Live for finding the fituati~ 
on of the Aderidian and Horizontal Lines of the 


Place on the Plave of the Dial, which PraGice of 


Dialling he chiefly demonttrates from the Inter- _ 


à TT Geutétrical vay of Mr. Dede Hine 


fections of Planes,the DoGtrine whereof is con- | 


stainedinahe with Bookof £uclid’s Elesmemts.And 


“becanfe he has gives no particular Example of 
this general way of Dialling in this Treatife Vhave 


= thought cod to add this Example following: ce 
_ © 1 Aqpartiular Examiple.of this General Method 


of Dialline llufbrated by Numbers. 


+: Dheresisa Style fix’d on a Fined Plane, whofe 2 
perpendicular heightis S P + inch €4. parts, or 


_. 164 parts. Now, the Sun fhining, if there b 


taken ‘Two Paints of Shadow of thetop of the 
Style S onthe faid Plane ; as A and B,onthatday 


when the Suns Declination is 2x deg. 4omin, 
South, and that PB the Diftance ofthePomrB, 


A | from : 


ee OS ROR RP ne enn eam 
~ from P the foot of the Style may bey parts,and 
the Diftance of the Point A from P may be PA | 
366 parts, and that the Diftance of the Point 
-, À from B may be BA 415 parts, hl 


| Now from thefe things given, it 1s required 
to find the fituation of the Subftylar and Equino- 


‘ae ial Lines, and to find the Center of the Dial on | 


the faid Plane, and to determixe the potion . 
of the Axss of the Dial by Calculation. - 1 


+ [The Geometrical Operation of this is to be | 
found inthe Sixth Chapter, page 16th of this — 
—-Treatife, andin the 5th Figure.] : ed. 


Firftin the Right-angled Triangle SPB. 


Thereis given P 8 164 parts, the perpendi- | 
cular height of the Style, and PB ss partsthe © 

diftance of the Point of Shadow B fromP the | 
Æootofthe Style; : - | ‘ere 


-. Tofindthe Vertical Angle PSB, and the | 

- Hypotenufe S B,which is the length of the Ray | 
_of the Sun from the top of the Style:S to the. 

Point of Shadow B, 13 : 


The Proportion is as S P 164 parts, 
a 8 Ista PB §9 parts: 
So is the Radius, wit party 
>. 'Te the Tang. ofthe Angle PSB 18d. 32 F 


> 


Angle PSB 184.3 


+ 


me nds ff 


AN eS 


There is-giventhe perpendicular PS 64 parts 
| -And the, Bale PA266 parts gone 3 Pape ABT as 


_. Secondi ln the Right-angled Triangle SPA, 


amin. 
(Ride 


To find the Per icaldngle PSA ‘and the Hypores - 


nufe SA. | et abr} : od 
The Proportion is, As\ S-P..164, parts. : 


A Is to PA 366 parts, 
- So is the Radius. 1, 1, À 


“a = 


ia » 


| + 
« 4% 


And asthe.Sine of the Angle PSA sde de tm, + 


Isto P À 366 parts, 
So is the Sine of geldewreéss.\ isin slt 
To SA4O1 parts,» © he | : att | aa a 


There is given the two fi 


“Angle dfb 68 deg. 20 min. the Complement — 
a of the Suns Declination, ; food ately 10) oe 


- 
« ¢ . ” an 
+ y - , L Purb rar D * spe: 
, e” ih à. +. À AVES og 4 4 ae A i ee 
L A : . i où oak 
sodA borininos os & 1 set {40 
> ae 122 : = rs & ee 4 
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Thirdly, in the Obliquangular Triangle fab. a 


des(b 173 partsand 
d 100 parts,taken at pleafure, andthe contained _ 


To theT'angent of the Angle PSA 65 d:52 m. 


AI 


F DL, LOT ca Rea A ee Neer ey? ee, CUS ES a 


To findthe other two Angles [db and bd, 
and thethird fide gb. i OYE 
From —— 180 deg. où min. 
Take the given Angle dfb: 68 20 


5 


. Andtherefhall remain = 114 degs wo min. 


ee ee cms ae 


: = Thehalf whereof is PES 55 deg. 50 min. 


Then the greater fide is f b 173 parts, ey 
And the defs fide is’ fd 100 parts,” °° * 


Then as the Sum of the fides 273 parts, © 
| ds to the difference ‘of the fides :7 3 parts : : 

… Soisthe Tangent of 55 deg. 50 min. 

Fo 'the Tangent of. 21 deg.°30 min. 

The Sum is fd bi v9deg. 20 mins 

The Difference is /b d 34 deg. 26 min: 


Then. ak the Sinebfrhe Angle fod 348 20m. | 
Is to the Sine of the-Angle df b 68 d, 20 m, 
Soisif@oroo parts, 7 UP te 

To dé 164 parte, dE NA | 
Fourthly,Inthe Obliquinputar Triangle fau . 

| There is given the two fides fa 4oF parts, and 
__ © = 160 parts, and the contained Angle d/a, — 


To. 


| 4 
i . 
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Oro End the other two Angles ‘da and [44 | 


and the third fide da. 


Then the greater fide is (a 401 parts, — 
And the lefs fide is — f4 100 
Then as the Sum of the fades sor 
Is to the Difference of the fides 301 
So is the ‘Tangent of.55.deg. so min. 
To the Tangent of 41 Fe 
The Angle [da 97 21 
The Angle (4d-—— 14 19 


| Then asthe Sineof-the Angle fad14d.19me 


_ Isto the Sine of the Angle 4fd68 20 
So is fd 100 parts, oh 
To da 376 parts. 


Fifthly,In the Obliquangular Triangle BAT. 


There is given the Bafa BA 415 parts, andthe 
two fides AT 376 partsyand B T 164 parts, 


To find the Segments of the Bafe @ A andOR, ae 


_ andthe perpendicular O T. 


Az" ie 


a. 
REA 


"ET. 


The greater fide ist A TT 9e part ba oP 
The leG fide is B'T ‘x64 patsy) > 
The Sum of the fides — 540 parts | 
‘The Difference of the: fides 2 ata ay a gon € 


a ef 


Therefore as thie Bate B eae aN 8 9 Sait 

Js to the Sum of ‘the fes 540 :, 
"ois the difference of the! fides {212 
To the difference of the Sep: of the Bate mr 


Therefore” to Asus 45 parts | 
. Add A \ Ke 
The Sum 1s FA ye bay i À | ; 
THÉBAE Sum AO 345 Me ae 
And fiom BA 435 pat, O ads ab. 
The Differenceis 139 à vig à ial 1 


ne 


À à se hale à BOL Boo vrronroe at à 


IT id nd it HS i Anti LEUR ON ASS Les: oh 


éd Per | 
pee eae 


The fide BT is 164 parts, . | 
And BOis—— 69; : FOURS 
‘The Sum is 2332 2 parts, Log, 2, 367356 

The Difference is 95 | parts, Log, 1.977724 


oe ee 


Sum Log. 4.345080 


eS 


Half Sum Log. À Te 


Le. iba Logo OT r49 parts. a 
Sixthly,In the Obliquangular Triangle BPA, | 


There is given the Bafe BA 4195 parts, and . - 

thetwofides PA 366 partsand PB g5 parts, 

To find B x and Ax the ek of the ar, . 
and the pe rpendicular Py. 


The greater fide P A 266 parts, 
| — fide PB —— 55 


sap 


Their Sum is —— 2 4at 
Their Difference : is LES 


Therefore as the BafeB A 415 parts 
Isto the Sum: of the fides 421 parts: 
So is-the difference of the fides 211 
To mm 215 


| By 4 | Thereg 


Add ——— 


: | The Tisthe greater Segment 2. 265 


And from BA - ——— 415 parts. 


‘. The Difference is —+——--—- 100 


The § is. the le Segment Bx —— . ça : 


awe he) fide BP 55 
‘Fhe Segment Bx 50 


Gs 


The Sum is + 105 Log.2.021189 
The difference is 5 Log. 0.698970 


The Sum of the Log. 


nn 


rey 2.7 20159 | 


The; Sum is he Log, of P x23, ; 2.260070: 


BO 69 parts 
Bx 50 


ete es 


Ox 19 € | | * 


Seventh- — 
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it 
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ia 


Seven, the Ri ghe angled Frian gle P. GI és 


There ‘is given the Hiypotemaft. PE 100 so 


parts, and the fide P G Loparta)y 20) GUN 
To find the fide os | 


The greater fide PI be > part 

The lefs fide PG it nay | 
Their Sum —— 519 parts, Log 2075947 
Their difference 81 parts,Log. 1.903485 
et 


The Sum ef the Log. 3. 984032 


Dénmtentieithes normes ; 


The : ‘ene RGO parts, % 192088 i À | 


Eightly,In the Right-angled ‘Triangle KG % 


There is given KG 164 parts and OG 2 3parts, 
To find the Angle GKG, and the fide OK. 


The Proportion is as eX: 164 parte, | 
Is to GO 23 parts: 5 
Sois the Radius, : 


To the Tangent ofthe Angle GK O 7d. 59 me | 4 


Ani 


Ciel 


andre, Sac Fyte 59 min. 


- IstoGO 23 parts: 
So is the Radius, : 
To OK 166 parts, 


Ninthly, . In the Ovliquangua Tenet C ORD, - 


There is given theBafe OK 166 Parts, andl 


OD 149 parts, equalto the Radius of the Se- _ 


micirele L D Tand K D 98 parts, 
“To find the An ate 0 KD. 


= cg OD 149 parts 
KD 98 parts 


Their Sum 247 
ME OO | 


thes | as che: Bate O K 166 parts 


Is tothe Sam — 247 
_ Sois the diftienté- 51 
ey EE RN 4 


it 


Therefore 


à 
MT Add yg 
Vi x #1 y } . nn] ; 
The Sum is 242 


The 2 SumisO y 121 


| And from OK 166 parts 
 Subitract. 


> 


_/ The difference is =— Ve i 


The : difference is K 7 45 


Then 2s D K 98 | 
_ IstoKy | 
So is the Sine of 90 degrees, 


2 A ne Li Te em da fur à i Wa a dt PS ick? Jy A DE a 


ne pe QE 
Therefore to OK 166 parts. _, , . 


Æ 


To the Sine of the Angle KDy 27 d. 20m 
The Complement is the Angle DKy 6 2 40 . 


‘Subtract the Angle GKO-—— 7 59 © : a 


| Remains the Angle DKz — | 


| 


Teithly, Inthe Right‘angled Triangle DK <, | 


There is given the Hypotenufe D K 9 8 parts, : 


_ and the Angle DKz 54 degrees At minutes, 


To find the E per RE and the Bafe 
Kz: | ; 


For as the Sine of DzKgo deg. 
Is tothe Hypotenufe DK 98 parts 
So isthe Sine of theAngle DK z 54 ei m. * 
To the perpendicular D % $7 parts. 1 


Eleventhly , In the Right-anpled Triangle. i 
'G Mee at * ù 


4 


Phare : is given the Bafe PG 19 parts, 
And the perpendicular. GQ 8o parts, À 
_ To find the Hy potenufe PQ. ‘à 
~ The proportion is as GQ 380 parts, 540 
IstoP G 1x9 parts: . 
So is the Radius, 
To the Tangent of the Angle PGQ 13 deg. | 


fs 20 min. 


And | 


pe as sh Sine of dt AG 


Isto P.G'alg parts: 
Sois the Sine of go peel iy 


To P Re pre, 
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The Proportion is, As PC 226 wate 


Ce uid ches Oe Oe LP : 
So is PN 164 é 
To PE rig. \ 


à matins. | 


Now if the Plane of the Dial be 
on an upright Wall, the Meridian 
Line may be found as in the 1 3th 
Chapter of the Firft Part,Figure 14th, 
- andthe: Hours may be fet on the 
~ Equinoftial Line by the Firft Chapter 
of the Second Part, Fig. ai. - | 


reft may be found by the Third Cha - 


gi Ok Four Hours and the Equinos 
tal Line being given, the reft may 


be 


the 


1 And then the Dial may 


as inthe 35th Figure, 
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